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LATERAL INTRATHORACIC MENINGOCELE 
by 


Roland Bunner 


A lateral intrathoracic meningocele is a sacciform protrusion of the dura 
through an enlarged intervertebral foramen which then projects anteriorly 
between the ribs into the thoracic cavity and displaces the posterior 
part of the parietal pleura forwards. Its extension is, therefore, similar 
to that of hourglass tumours. These meningoceles are extremely rare 
and hence are apt to be overlooked in the differential diagnosis of in- 
trathoracic tumours. 

A study of the literature indicates that 20 cases have so far been 
reported. However, in three of them, 7. e. the two communicated by 
CABELLO-CAMPos and one of those described by HACKENSELLNER & 
Pape. neither myelography, operation, nor autopsy served fully to verify 
the diagnosis: the roentgenologic findings nevertheless made it virtually 
certain. 

The first case was reported by Pout in 1933. His patient was sub- 
mitted to operation on the diagnosis of neurofibroma and a meningocele 
was found and excised; the patient died from empyema and meningitis 

few days later, following the escape of cerebrospinal fluid into the 
pleural cavity. 

Only in four cases (21, 9, 8. 2) has meningocele been diagnosed pre- 
operatively, and in these varying methods were employed. ScHULLER & 
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Fig. 1. Case 1. a) Right polycyclic homogeneous growth. Enlargement of right fifth intercostal space. 

Erosions of the ribs and vertebrae at the level of the growth. Thoracic scoliosis. b) Lateral tomogram 

of thoracic spine. Enlargement of the intervertebral foramina and excavations posteriorly in the verte- 
bral bodies at the same level. Slight kyphosis. 


UIBERALL were the first to diagnose a case of lateral intrathoracic me- 
ningocele preoperatively, which they did by means of suboccipital myelo- 
graphy, using Lipiodol as contrast medium. Cross, RAEvIs & SAUNDERS 
carried out myelography with oil and air. CMyRau established the diag- 
nosis in his case by puncturing the meningocele and injecting Lipiodol. 
Lastly, in one of the two cases communicated by BakER & CuRTIS 
myelographic examinations were made preoperatively with Pantopaque 
and Lipiodol. 

All of the remaining 13 verified cases were diagnosed only at operation 
or autopsy. In most of the surgically treated cases the intrathoracic 
growths observed at preoperative roentgen examination had been regarded 
as neurofibromas with an intraspinal extension hourglass tumours. 

We have had two cases of lateral intrathoracic meningocele at our 
hospital. In both of them the diagnosis was made by means of pneumo- 
myelography with suboccipital puncture of the subarachnoid space and 
injection of oxygen as contrast medium. In the first case an hourglass 
tumour with a large extraspinal part was suspected prior to myelography; 
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Fig. 2. Case 1. Two contiguous meningoceles filled with oxygen at myelography. a) Frontal view. Medial 
flattening of the bases of the vertebral arches better visible than in fig. 1. b) Lateral tomogram. 


in the other, the differential diagnosis lay between an hourglass tumour 
and a meningocele. We chose pneumomyelography with a view to estab- 
lishing the extent of any intraspinal tumour that might have been present 
as well as to ascertain whether it involved or otherwise affected the spinal 
cord. In addition the gas, when it fills a meningocele, may afford useful 
information as to the latter’s size, shape, and contents, and the thickness 
of its walls. Oxygen, moreover, is superior to oil for myelography, insofar 
as it is quite innocuous and rapidly absorbed, whereas oil is difficult to 
remove. 

In view of the extremely rare occurrence of lateral intrathoracic 
meningoceles, details of these two cases are presented below. 


Case 1. Woman, aged 43, A ‘mass miniature’ examination of the chest on 14 February 
1952, showed a right-sided intrathoracic growth; prior to this she had never undergone 
roentgen examination. She felt well and had no cough. Recklinghausen’s neurofibro- 
matosis was present in the form of large and small areas of pigmentation, as well as hazel- 
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nut-sized skin tumours on the forehead and lateral surface of the left lower leg. Patellar 
and Achilles reflexes positive and Babinski’s reflex doubtful bilaterally. Otherwise no 
neurologic symptoms or signs. Blood values, including sedimentation rate, normal. 

Roentgen examination of lungs and thoracic vertebrae. A right paravertebral rounded 
and homogeneous soft tissue opacity, 6 to 7 cm in diameter, was present at the level of 
Th 5—6. Immediately cranial to this a similar opacity just over 2 cm in diameter was 
noted. The right fifth intercostal space was enlarged posteriorly and the posterior medial 
parts of the fourth, fifth and sixth ribs were eroded. There was moderate right scoliosis 
of the thoracic spine with its vertex at the level of Th 6 together with somewhat increased 
thoracic kyphosis. The intervertebral foramina between Th 4, 5 and 6 on the right side 
were enlarged and the vertebral bodies of Th 4, 5 and 6 — especially the fifth — were 
eroded. The bases of the arches at the level of the soft tissue tumours were flattened 
medially, 7. e. the vertebral canal was enlarged. 

The examination accordingly showed a growth of the soft parts, which was tenta- 
tively assumed to be an hourglass tumour. Pheumomyelography was then performed in 
order to elucidate the extent of its intraspinal portion. In this procedure a large volume 
of cerebrospinal fluid — 180 ml — was tapped and replaced by oxygen, which filled the 
paravertebral opacities. The latter thus consisted of meningoceles, protruding through 
two contiguous, enlarged intervertebral foramina. The spinal cord was observed to be 
quite intact at the level of the meningoceles and the areas of destruction. 

Since the patient’s condition was completely asymptomatic, no surgical measures 
were undertaken. 


Case 2. Man, aged 36. At a ‘mass miniature’ examination in February 1956, an 
apical intrathoracic growth was detected on the right of the vertebral column. There 
had been no previous roentgen examination of the lungs. Apart from occasional slight 
cough during the previous six months he had been free from symptoms and his general 
condition was good. Clinical examination showed Recklinghausen’s neurofibromatosis 
consisting of pea-sized skin fibromas, some of them pendulous, scattered over the whole 
body, as well as subcutaneous fibromas up to 5 mm wide. No neurologic symptoms or 
signs. Blood picture and sedimentation rate normal. 

Roentgen examination of lungs and thoracic vertebrae. Rounded homogeneous soft 
tissue growth sharply defined in relation to the lung, with a right paravertebral localiza- 
tion at the level of Th 3, 4, and 5. The right third intercostal space was enlarged pos- 
teriorly and medially, with erosions in the upper medial part of the fourth rib and a 
small.erosion in the lower medial part of the third rib. The right posterior aspects of the 
bodies of Th 3, 4, and 5 showed erosions in the form of excavations, most marked in Th 4. 
The right intervertebral foramina between Th 3 and 4, and Th 4 and 5 were enlarged. 
There was a slight right scoliosis of the upper portion of the thoracic spine. Diagnosis: 
neurinoma (hourglass tumour) or meningocele. At pneumomyelography about 180 ml 
of cerebrospinal fluid was tapped and replaced by oxygen; this filled the paravertebral 
mass, which accordingly consisted of a meningocele; its diameter was about 5 to 6 cm. 
The spinal cord was seen to be intact at the level of the meningocele. 

The patient was asymptomatic throughout his stay in hospital and hence no operation 
was considered. 


Discussion 


Both of the above are typical cases of lateral intrathoracic meningo- 
celes, most of which have a completely asymptomatic course. Each of 
them was detected incidentally at mass roentgen examination, and only 
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Fig. 3. Case 2. a) Rounded homogeneous paravertebral growth on right side. Erosions in the right 


third and fourth ribs. The third intercostal space is enlarged. b) Appreciable excavations posteriorly 
in the bodies of the thoracic vertebrae at the level of the meningocele. 


the second patient reported an occasional slight cough for about six 
months before the examination. Of the twenty cases previously reported, 
only a few were stated to have had symptoms. However, not all these 
symptoms could be definitely attributed to the meningoceles and the 
attendant destruction of bone: most of them consisted of pain in the head, 
thorax or lumbar region. Large meningoceles may produce symptoms of 
compression referable to intrathoracic organs. such as dyspnea. cough, 
and cardiac embarrassment. 

The sex distribution seems to be approximately equal: of the afore- 
mentioned 20 cases, 9 were males and 9 females. the remaining 2 being 
infants whose sex was not stated. The age on detection of the meningocele 
was between 40 and 60 in ten cases, and over 60 years in three cases. 
The oldest patient was a 68-year-old woman; the youngest. apart from 
the two infants, an 11-year-old boy. 

As regards the localization, the meningoceles were situated in the 
right thorax in 14 cases, including the present two. In 3 cases they were 
bilateral, though chiefly protruding to the right: in 2 the side was not 
reported, and in three cases the left thorax was involved. 

The meningoceles varied in diameter from only a few centimeters to 
‘huge’, the last-named description being given to one that occupied most 
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of one half of the thorax in an infant. Otherwise the diameters were 
mostly below 10 cm. 

Recklinghausen’s neurofibromatosis is a strikingly frequent con- 
comitant, having been reported in 14 of the published cases, the present 
two included. Moreover, spinal deformities have been described in most 

vases of intrathoracic meningoceles: kyphosis and scoliosis, erosions of 
sainiionl bodies and arches and of ribs, enlarged intervertebral foramina, 
and concavity of the dorsal surfaces of the vertebral bodies. Other re- 
ported anomalies include fused vertebrae, cuneate vertebrae, hemi- 
vertebrae with aplasia of the corresponding ribs and spines, and club 
foot. 

It is chiefly the posterior excavations in the vertebrae at the level 
of the meningocele that have been noted by several earlier authors (1, 2, 
8, 9, 11, 15). The skeletal lesions attending intrathoracic meningoceles 
are similar to those found in neurofibromatosis. Pathologic changes of the 
vertebral column in neurofibromatosis have been described by MILLER 
and by HaGELstaM, among others. The first-named author found among 
41 cases of Rec ‘klinghausen’ s neurofibromatosis varying degrees of osteo- 
porosis in 23, and “spinal involvement such as kyphosis, scoliosis and 
kyphoscoliosis in 16. In one case he described dorsal compression and 
erosions of vertebrae. In his opinion the kyphoscoliosis may be due to 
osteoporosis and muscular weakness, which is common in neurofibro- 
matosis. HAGELSTAM collected from the literature 94 cases of Reckling- 
hausen’s neurofibromatosis with similar spinal changes. Braun has 
pointed out that the dorsal excavations may occur as an independent 
sign without intrathoracic meningocele in Recklinghausen’s neurofibro- 
matosis. The skeletal changes demonstrate the association between intra- 
thoracic meningoceles and ‘Recklinghausen’ s disease. 

If a paravertebral intrathoracic tumour is found concomitantly with 
neurofibromatosis, it would be logical to regard the neoplasm tentatively 
as a neurofibroma. Yet. neurofibromatosis is in fact uncommon in intra- 
thoracic neurogenic tumours: Kent, BLADES, VALLE & GRAHAM found 
only four cases among 105 with such tumours; BLADEs had one case out 
of 30 with neurogenic tumours; HAGELSTAM had two neurinomas among 
his 94 cases of neurofibromatosis associated with spinal changes. Hence 
neurofibromatosis coexists with intrathoracic meningocele more commonly 
than with neurinoma. 

Intrathoracic meningocele should thus be suspected whenever a 
paravertebral intrathoracic tumour is associated with Recklinghausen’s 
neurofibromatosis and spinal abnormalities such as kyphoscoliosis, en- 
larged intervertebral foramina, and erosions of the vertebrae. notably 
excavations posteriorly. The method of examination that gives an assured 
diagnosis and the best information is pneumomyelography. Indeed, with 
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this procedure the diagnosis of men- 
ingocele may already be made, or 
at all events strongly suspected. 
on tapping the cerebrospinal fluid. 
due to the large volume withdrawn. 
In each of the two present cases, 
this volume amounted to about 
180 ml. 

The etiology of intrathoracic 
meningocele is unknown, though 
many theories have been advanced. 
(MyYRAL referred to primary weak- 
ness of the dura. which may lead 
secondarily to meningocele. SENG- 
PIEL, Ruzicka & LopMELL and 
MENDELSON & Kay believed that 
anomalies of the dural attachment 
in the intervertebral foramina may 
be the cause and, together with 
variations in the cerebrospinal fluid 
pressure, may give rise to meningo- 
Fig. 4. Case 2. Tomogram through the central cele. Fluid pulsations may even 
part of the oxygen-filled meningocele at myelog- ‘ 

raphy. cause the posterior excavations in 

the vertebral bodies. according to 

HACKENSELLNER & PAPE and 

syRON et coll.. who found in their cases that the dura was contiguous 

with the posterior surfaces of those bodies. Normally the dura and the bone 

are separated by loose connective tissue that absorbs the waves of pres- 

sure in the cerebrospinal fluid. In the absence of this connective tissue. 

the posterior excavations might conceivably arise. The epiphysial disks 

have greater powers of resistance and are not affected. A decreased 

resistance in the bone structure (MICHAELIS) and trophoneurotic disturb- 

ances of skeletal growth (HAGELSTAM) are conducive to bone lesions and 
secondary meningoceles. 

In some cases, growth of the intrathoracic meningocele has been 
reported. In the case communicated by AMEUILLE, WoLMotH & KUDEL- 
skI the meningocele had increased in size, concurrently with progression 
of the skeletal lesions. over a follow-up period of 11 years, and at the time 
of operation it had a diameter of 8 cm. In CIAGLIA’s case. chest roentgen- 
ograms had been taken two years before detection of the meningocele 
but had shown nothing pathologic. Lastly. Byron et coll. reported in 
one of their cases progression of the meningocele, over a 6-year period, 
rom a sac 10 cm in diameter to such a volume as to fill two-thirds of 
me half of the thoracic cavity. 
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Of the seven patients who underwent surgical removal of the meningo- 
cele, one died of pleural empyema and meningitis due to escape of cerebro- 
spinal fluid into the pleura (PoHL). In the other six cases the postoperative 
course was on the whole uneventful. In none of these cases was any recur- 
rence reported, although the longest observation time amounted to only 
years (CIAGLIA). 

In one case (AMEUILLE et coll.) the meningocele was treated by punc- 
ture, then covered with parietal pleura; but here too cerebrospinal fluid 
escaped into the pleura and the patient died a week or so later from 
pleural empyema and meningitis. In yet another patient it was sought to 
remove the meningocele operatively (ByRon et coll.), but death occurred 
from cardiac failure during the operation. 

Each of the six successful operations has been performed since 1948: 
7. e., Various antibiotics have been available and the operative technique 
has advanced. 

Opinions diverge as to the advisability of surgical treatment for intra- 
thoracic meningoceles. MENDELSON & Kay caution against operation 
unless the meningocele progresses and gives rise to symptoms. They 
write: “The defect is difficult to repair satisfactorily and might be as- 
sociated with a high incidence of recurrence.’ Byron et coll. hold the same 
view. According to BAKER & CurRTIs the indications for operation are: 
continued enlargement of the meningocele, compression of intrathoracic 
organs, and progressive erosion of contiguous vertebrae. 


SUMMARY 


Two cases of intrathoracic meningocele, diagnosed by pneumomyelography, are re- 
ported. The cases were typical in being without symptoms and being associated with 
Recklinghausen’s neurofibromatosis and spinal lesions. The question of surgical treatment 
is discussed. 


ZUSAMMENFASSUNG 


Zwei Fille mit intrathorakaler Meningocele, welche pneumomyelographisch diag- 
nostiziert worden sind, werden berichtet. Die Falle waren typisch. Sie hatten keine Symp- 
tome und waren mit der Recklinghausenschen Neurofibromatose und spinalen Verinde- 
rungen verdunden. Die chirurgische Behandlung wird diskutiert. 


RESUME 


L’auteur présente deux cas de méningocéle intrathoracique diagnostiqués par myélo- 
graphie gazeuse. Ces cas étaient typiques par leur absence de symptomes et par leur as- 
sociation 4 une neurofibromatose de Recklinghausen et a des lésions rachidiennes. L’auteur 
examine la question du traitement chirurgical. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: PROF. ERIK LINDGREN), SERAFIMER- 
LASARETTET, STOCKHOLM, SWEDEN 


CIRCULATION THROUGH THE POSTERIOR 
COMMUNICATING ARTERY IN DIFFERENT 
COMPRESSION TESTS 


A preliminary report 
by 


Georg-Fredrik Saltzman 


According to the literature the posterior cerebral artery is filled in 
one third to one fifth of all carotid angiographies. Anatomical investiga- 
tions have shown, however, that the posterior communicating artery is 
seldom absent on any side, but in spite of this it would appear that no 
contrast medium passes through the posterior communicating artery in 
the majority of carotid angiographies. 

The situation is the same regarding the anterior communicating 
artery. It is, however, well known to all neuroradiologists that it is 
possible in nearly all cases to direct blood through the anterior communi- 
‘ating artery to the other half of the brain by compression of the con- 
tralateral carotid artery at the time of the injection. This method has 
achieved great practical importance, particularly in cases in which prior 


to operation the risk of being forced to interrupt the normal supply of 


blood has to be considered. No similar method of directing or increasing 
the flow of blood from the carotid artery through the posterior com- 
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Fig. 1. Unilateral compression of the vertebral artery in carotid angiography. a) Before the compression 
the posterior cerebral artery is not filled. b) After compression the artery is well filled. 


municating artery to the posterior cerebral artery has so far been de- 
scribed. 

ENGESET writes: “Theoretically it would seem that bilateral com- 
pression of the vertebral artery would force the blood-stream from the 
carotid syphons to the basilar trunk.’ That this is indeed the case is 
demonstrated in practice by the fact that patients have survived bilateral 
ligature of the vertebral artery. No report of a practical routine method 
of compression of the vertebral artery has, however, appeared. 

The vertebral artery from its origin in the subclavicular artery at 
first runs in front of the spine and from the sixth cervical vertebra nor- 
mally passes through the transverse foramina. Topographic studies on 
cadavers indicate that in most cases at least it would be possible to affect 
the vertebral artery by manual compression immediately above the 
clavicle. 

In the compression experiments described below the following tech- 
nique has been employed. One finger is introduced immediately above 
the clavicle behind the common carotid artery and directed inwards; when 
the finger has covered about two centimeters of a transverse process, it 
is firmly pressed, still in the same position, against the process. 

The first experiments were made with unilateral compression of the 
vertebral artery. The circulation through the basilar artery obviously 
‘annot be arrested by unilateral compression, but one would expect a 
ertain lowering of the pressure in this vessel and its branches. In 18 
‘xperiments, good contrast-filling of a posterior cerebral artery, which 
iad not filled without compression, was obtained in one case (Fig. 1). 
n 2 other cases slight filling of the posterior cerebral artery was obtained 
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Fig. 2. Bilateral compression of the vertebral artery in carotid angiography. a) Before compression, 
no filling of the posterior cerebral artery. b) Dense contrast-filling after the compression. 


without compression, and considerably denser filling after compression; 
in the remaining cases no definite difference could be observed. 

Bilateral compression of the vertebral artery was attempted in 10 
cases. Four of these experiments were successful: in 2 of them no con- 
trast-filling of the posterior cerebral artery was obtained before com- 
pression, but dense filling following it (Fig. 2). In a third case, in which 
the posterior cerebral artery did not fill without compression, filling was 
obtained after compression not only of this vessel but also to some extent 
of the basilar artery. In the fourth case, thin and fragmentary contrast- 
filling of the posterior cerebral artery was observed before compression. 
After compression the artery was densely filled with contrast medium, 
and, furthermore, the medium filled the basilar artery in a retrograde 
direction. Some cerebellar branches were also outlined (Fig. 3). 

Compression of the vertebral artery was undertaken in all cases in 
connection with standard examinations and, in order not to administer 
contrast medium in unnecessarily large amounts only one compression 
experiment was performed in each. 

The greatest difficulty in compression of the vertebral artery appears 
to lie in avoiding compression of the carotid artery at the same time so 
that the desired difference in pressure is not lost. Considerable difficulties 
of this nature have been encountered in patients with very narrow necks. 
It is also important not to change the position of the injection needle in 
the carotid artery during the compression. WicKBoM and RuGGIERo have 
pointed out how difficult it is to obtain filling of the anterior cerebral 
artery when the position of the needle is not correct. An unsatisfactory 
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Fig. 3. Bilateral compression of the vertebral artery in carotid angiography. a) Before compression, 
fragmentary filling of the posterior cerebral artery. b) After compression, dense contrast-filling of the 
posterior cerebral artery, and filling also of the basilar artery and some cerebellar branches. 


"ig. 4. Compression of the carotid artery in vertebral angiography. a) Before compression, no contrast 
medium in the carotid syphon. b) After compression contrast medium is visible in the syphon. 


needle position appears to have the same effect on the passage of contrast 
iedium through the posterior communicating artery. 

Successful compression of the vertebral artery may well become a 
useful diagnostic aid and should facilitate the diagnosis of expanding 
}rocesses within the area of the posterior cerebral artery. Tentorial 
/erniations may be mentioned as one example and AzamBusA, LINDGREN 

nd SJ6GREN have described a characteristic displacement of the posterior 
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Fig. 5. Compression of the carotid artery in vertebral angiography on opposite side to the puncture. 
a) Before compression no contrast medium in the carotid syphon. b) After the compression, contrast 
medium is present. 


b 


Fig. 6. Compression of the carotid artery in vertebral angiography on opposite side to the puncture 
More contrast medium visible in the carotid syphon after the compression (b) than before (a). 


cerebral artery in such herniations. If compression of the vertebral artery 
produces a substantial increase in the number of cases in which the 
posterior cerebral artery is filled this sign will achieve added importance 
Another field in which compression of the vertebral artery may becom: 
of value is the mapping-out of the vascular supply of supratentoria! 
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arteriovenous malformations. One of our cases (Fig. 3) suggests the 
possibility of examining vessels of the vertebral area other than the 
posterior cerebral artery by means of carotid angiography. It is too early 
to state whether this can be done to any greater extent. 

The verification of a free passage through the anterior communicating 
artery has, as mentioned previously, become of great importance in 
neurosurgery but so far there has been no definite need for a correspond- 
ing examination of the posterior communicating artery. Should such a 
need arise compression of the vertebral artery may be employed. 

The blood flow through the posterior communicating artery may, 
however, also be directed in the opposite direction, as shown by 
KRAYENBUHL and YASARGIL. Technically successful vertebral angio- 
graphies have been combined with compression of the carotid artery 
in 4 cases, in all of which contrast medium passed from the posterior 
cerebral artery through the posterior communicating artery to the carotid 
syphon; in 2 of these the carotid artery was compressed on the same 
side as the vertebral puncture (Fig. 4), and in the other two cases on the 
opposite side (Figs. 5 and 6). 

The position of the needle in vertebral angiography is always more or 
less unstable. Compression of the carotid artery should therefore be per- 
formed with the greatest caution, so that the contrast medium is not 
injected paravasally or into the wall of the vessel; compression of the 
carotid artery on the opposite side is to be preferred. The risks will 
naturally be considerably diminished when a catheter is employed for 
the vertebral angiography. 


SUMMARY 


A method of compressing the vertebral artery between its origin in the subclavicular 
artery and the point where it enters the transverse foramen of the sixth cervical vertebra 
is described. By this means filling of the posterior cerebral artery in carotid angiography 
is rendered possible. The diagnostic importance is discussed. Compression of the carotid 
artery in vertebral angiography, by which the passage of contrast medium through the 
posterior communicating artery may be studied, is also described. 


ZUSAMMENFASSUNG 


Eine Methode, die Arteria vertebralis zwischen ihrem Beginn in der Arteria subclavia 
ind der Stelle, an der sie in das Foramen transversum des 6. Halswirbels eintritt, zu 
comprimieren, wird beschrieben. Auf diese Weise wird die Fiillung der Arteria cerebralis 
osterior bei der Karotisangiographie méglich gemacht. Die diagnostische Bedeutung 
vird besprochen. Die Kompression der Arteria carotis bei der Vertebralisangiographie, 
‘urch welche der Durchgang des Kontrastmittels durch die Arteria communicans posterior 
:tudiert werden kann, wird ebenfalls beschrieben. 
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RESUME 


L’auteur décrit une méthode de compression de l’artére vertébrale entre son origine 
dans l’artére sous-claviere et le point ou elle pénétre dans le trou transversaire de la 
sixieme vertebre cervicale. Cette méthode permet de rendre visible l’artére cérébrale 
postérieure par angiographie carotidienne. L’auteur en examine l’intéret diagnostique. 
Il décrit aussi la compression de |’artére carotide au cours de |’angiographie vertébrale, 
qui permet d’étudier le passage du moyen de contraste 4 travers l’artere communicante 
postérieure. 
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NEPHROGRAPHIC EFFECT IN RENAL 
ANGIOGRAPHY 


An experimental study in dogs 
by 


N. P.G. Edling and C. G. Helander 


The nephrographic effect in urography and in renal angiography is in 
both instances caused by an accumulation of the contrast medium within 
the renal tissues. The mechanism of this phenomenon occurring during 
urography has been studied by EDLING et coll. (1954, 1957) who found 
it to depend upon the reduction of the glomerular filtration pressure, and 
stasis within the tubules, due either to a fall in blood pressure caused by 
shock or to back pressure within the renal pelvis resulting from ureteral 
stasis. The plasma concentration of the contrast medium within the renal 
vessels is low and plays no significant part in the increased density of the 
organ; the glomerular filtration has more or less ceased and the tubular 
function alone plays the main role in the nephrographic effect in urography. 

At renal angiography EpsMAN (1957) attributes an equal role in the 
nephrographic effect to the contrast medium which fills the vessels and 
also accumulates in the excretory system; in the beginning, the accumula- 
tion of the contrast medium is mostly confined to the capillaries of the 
cortex, later moving to the nephrons and adjacent cells. VoGLER & 

[ERBST (1958) describe the nephrographic effect in angiography as merely 
he summation of the contrast-filling in the capillaries. 


Submitted for publication 3 May 1958. 
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In order to study the different components causing the increase in 
density of the renal tissue in angiography the writers have studied the 
nephrographic effect experimentally in 19 healthy dogs (between 15.2 and 
kg). 


The dogs were kept under light general anesthaesia. The contrast medium injections 
were performed following transfemoral catheterization either into the aorta or into a renal 
artery (EpHOLM & SELDINGER 1956). The media used were di- or triiodine compounds 
(Umbradil, Miokon, or Urografin) except in one examination. At the aortographies, 40 to 
100 ml Miokon 50 °% or Urografin 60 °% were injected at a speed of approximately 8 to 
10 ml/second, and at the selective angiographies 3 to 8 ml Umbradil 35 °%, or 50 %, or 
Miokon 30%, at a speed of about 5 ml/second. At one bilateral selective renal catheteriza- 
tion 8 ml Miokon 50 % and 8 ml Thorotrast were injected simultaneously into the right and 
left renal arteries, respectively. The injection time in this animal was about 6.5 seconds, 
amounting to 1.2 ml/second. This examination was repeated. 

Exposures were made by means of an automatic film changer (GipLUND 1956), a 
manual 4-film changer, or on single films. When the automatic film changer was used the 
exposures were 2 per second for 8 seconds, 1 per second for 8 seconds, and 1 every 3 
seconds. 

Aortography was performed in 8 dogs in whom both kidneys were studied, bilateral 
selective renal angiography in 6 dogs, and unilateral selective angiography in 5 dogs — 
making a total of 33 kidneys examined. 


Results 


In 6 dogs (11 kidneys) examined by means of the automatic film 
changer the time intervals could be determined and the components of the 
nephrographic effect studied in relation to time. 


Legend to illustration on opposite page. 


Selective injections of 8 ml Miokon 50 % into the right renal artery, and 8 ml Thorotrast into the left 
renal artery in a dog. The exposures were made, from commencement of injections, at the times 
indicated on the separate views. The injections were completed after 6 '/, seconds. 


1 sec: The renal arteries and their branches are visible. Density of kidneys slightly increased. 

1'/, sec: Increasing density of the kidneys, in the right one especially in the cortex. 

3'/, sec: Further increasing density, mostly in the right kidney. Commencing contrast-filling of the lefi 
renal vein. 

7 sec (immediately following end of injections): Arteries no longer visible. Density of right kidney stil 
further increased. Filling of renal vein commencing. Density of left kidney decreasing. The renal vein and 
its branches are filled with contrast medium of high concentration. 

10 sec: Right kidney is now very dense. Low density of renal vein. Density of left kidney further de 
creased. Renal vein still very poorly filled. 

27 sec: Density of right kidney has now decreased, especially in the cortex. The renal vein is faintl) 
visible. Excretion of Miokon in left kidney. 


45 sec: In the right kidney the density of cortex is very low compared with the pyramids which are stil 
clearly visible. Left kidney unchanged. 


69 sec: Both kidneys have now about the same density as the surrounding soft tissue. Excretion 0° 
Miokon in both. 
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The dog injected simultaneously with both Miokon and Thorotrast is 
of special interest and will be described first. The doses of the contrast 
media injected had the same absorption capacity for roentgen rays. 
However, there is the important difference that Thorotrast is not excreted 
by the kidneys, either by the glomeruli or the tubules. 

It was seen within the first second, in respect to both kidneys, that the 
renal arteries were of the same width and density, and a clear representa- 
tion was obtained of the groups of interlobar arteries between the pyra- 
mids, and of a few interlobar arteries in the cortex (see the accompanying 
illustration on p. 19). The archiform arteries at the level of the bases of 
the pyramids were only just visible. After one second an increased density 
commencing in the cortex became visible on both sides; but from that 
moment onwards, however, the kidneys reacted in their own differen) 
ways. 

The kidney injected with Thorotrast increased only moderately in 
density and the small vessels were c learly delineated. T he renal vein was 
shown with considerable density after 3.5 sec. After the injection had 
been completed (6.5 sec) the density of the kidney decreased (without 
increased density of the pyramids). After 10 sec the renal tissue was of 
normal density and the renal veins were no longer visible. The small 
amount of Miokon in the renal pelvis was the result of excretion following 
a small test dose for catheter localization. 

In the kidney injected with Miokon there was also an increase in 
density which within a few seconds reached a very high degree, especially 
in the cortex. The small vessels appeared less clearly than those in the 
left kidney. When the injection was completed (6.5 sec) the density was 
still increasing. The renal vein was just visible after 7 sec, at which time 
the pyramids began to increase in density, and after 10 to 17 sec there 
was a diffuse nephrographic effect of a very high degree. At about 27 
sec the density of the cortex decreased, the pyramids became well defined, 
and the contrast medium in the renal vein was insufficient for adequate 
delineation; the cortex emptied, and at 45 sec the pyramid apices were 
well shown; these also gradually faded, and after 69 sec the kidney was 
of normal density. Only the excretion into the pelvis was visible. 

All the contrast medium had thus disappeared in 4 left kidney in 10 
seconds. The renal vein was visible for 6.5 seconds, 7. e. as long as the 
duration of the injection. In the right kidney there was at first an accumu- 
lation of contrast medium followed by filling of the veins. The time interval 
between the commencement of the injection and the time when the density 
of the kidney was normal again was 69 seconds. The venous filling started 
later, was poor, and lasted 20 seconds, 7. e. about 13 seconds longer than 
the injection time. 

In the remaining five dogs (9 kidneys), also examined by means of th> 
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utomatic film changer, the progress of the nephrographic effect was the 
same in each case, the differences in degree and time depending upon the 
lifferent quantities of contrast media injected and the injection rate. In 
me aortography, the contrast-filling of the renal veins was first discernible 
ifter 4 seconds and was visible for 30 seconds; the nephrographic effect, 
is described above, was still present after about 40 seconds, during which 
ime good excretion was taking place. In seven selective renal angio- 
craphies, the renal veins became visible after 2 to 3 seconds and re »mained 
o for 6 seconds; the nephrographic effect was of moderate or low degree 
nd lasted in no case more than 20 seconds. In all cases the contrast- 
illing of the arteries disappeared when the injection was completed. 

In the remaining cases, exposed with one to four single films in each, 
he findings were approximately the same. 


Discussion 


The time interval between the commencement of the injection of 
horotrast into the renal artery and the appearance of contrast medium 
in the renal vein corresponded to the time interval between the end of the 
arterial injection and the disappearance of visible contrast medium from 
the renal vein. These equal intervals correspond to the circulation time 
in the kidney under the experimental conditions. The increase of the 
density of the renal tissue lasted only as long as the concentration of 
medium in the capillaries was capable of producing a density of higher 
degree than that of the soft tissue alone. This is not characteristic of renal 
tissue and the findings indicate that the initial contrast-filling of the 
vessels alone is of only temporary importance for the density in the 
nephrographic effect in angiography. 

In the other kidney of the same animal, injected with the organic 
iodine compound, the renal vein was demonstrated in the first instance 
later, 7. e. at the end of the injection and it was less dense and visible 
several seconds; in addition, the increase in the density of the renal tissue 
was much more intense and protracted. The delay and the low concentra- 
tion of contrast medium in the vein depend upon its immediate accumula- 
tion in the kidney, both through the glomerular filtration and the tubular 
excretion into the tubules, and, when the kidney is supplied with such 
large quantities of contrast medium, the cells of the tubules are able also 
te store some of it (ENestR6M & JosEPHSON 1953). This explains why 
the amount of contrast medium remaining in the blood after the pas- 
sage through the kidney is insufficient for a demonstration of the vein. 
This accumulation also explains why in renal : angiographies with relatively 
sn all doses of contrast medium in man the renal vein is often not visible. 
ln the present experiment, when the renal vein was visible for a long time 
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after the arterial injection had ceased, it was due to the extraction of the 
medium from the renal tissue. It seems that there can be only two possible 
sources: either the medium which was stored in the tubular cells or that 
which was filtered and excreted into the tubular ducts. After the supply of 
contrast medium had ceased, the blood entering the kidney had the same 
low contrast medium content as the blood elsewhere in the body. There was 
therefore. a marked difference in the concentration of contrast medium 
between the circulating blood and the tubular cells. It seems reason- 
able to suppose that back diffusion of the stored contrast medium takes 
place from the tubular cells into the blood, explaining the delayed filling 
of the renal vein. The second possibility is that there is a reabsorption 
of contrast medium into the blood occurring with water absorption 
from the tubules. This explanation, however, may probably be excluded 
since it is known from clearance studies that substances such as Diodrast 
and PAH are not reabsorbed from the tubules in healthy kidneys (Smrru 
1951). 

Even though it is not definitely known how the contrast medium 
returns to the blood after the injection has ceased to outline the vein. the 
conclusion may be drawn that back diffusion must have taken place. This 
is supported by investigations by JosEPHSON et coll. 1952 who had in- 
direct proof of a reabsorption back to the blood of substances stored in 
the tubular cells and designed for excretion. 

The loss of the demarcation between cortex and medulla occurred when 
the contrast medium passed through the descending and ascending limbs 
of the pars recta of the tubules, the nephrographic effect being temporarily 
fairly homogenous. The density in the cortex then faded due to a decrease 
in the concentration of the contrast medium in the proximal tubules. 
following elimination of fluid of high concentration and the addition of a 
glomerular filtrate of much lower concentration. In addition, the tubular 
cells lose contrast medium from back diffusion into the blood and from 
excretion into the tubular ducts. Hence, the pyramids and finally the 
papilla have the highest density. indicating that the contrast medium has 
reached the collecting ducts. The nephrographic effect is finally lost with 
the emptying of the tubular ducts into the pelvis. 


Kssentially the same appearances and the same low concentration of 


contrast medium in the renal vein was found in the other timed experi- 
ments; there was however no delay in the filling of the renal vein. The 
difference is explained by the slowness of the injection of contrast medium 
in the dog that was injected with both Miokon and Thorotrast. When 
small test doses were injected the vein was not outlined at all. 
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Conclusions 


This investigation demonstrates that for the true nephrographic effect 
o occur, the contrast medium must be excreted through the kidneys. The 
nvestigation also indicates that the nephrographic effect in renal angio- 
sraphy starts with an increase in the density of the kidney due to con- 
rast-filling of the arteries, but in the main is dependent upon the filtra- 
ion and excretion of the medium. However, since there is also back 
liffusion of the contrast medium from the tubular cells into the blood 
he venous contrast-filling plays a role in the increase in density. The 
ast stage of the nephrographic effect results mainly from the contents 
f the tubular ducts. In brief, the nephrographic effect in angiography 
s made up of three stages: an initial vascular phase, a phase of tubular 
iccumulation and excretion, and a phase of back diffusion into the veins 
ind tubular transport. It therefore seems suitable to use the term 
angionephrographic effect’ to indicate the nephrographic phenomenon 
n angiography. 


SUMMARY 


The nephrographie effect in renal angiography has heen studied experimentally in 
dogs. The results indicate that the phenomenon in the main depends upon the contrast 
medium which is accumulated in the tubular cells and ducts, but to some degree also 


upon the contrast medium appearing in the veins after back diffusion from the tubular 
cells. 


ZUSAMMENFASSUNG 


Der nephrographische Effekt bei der renalen Angiographie ist bei Hunden experimen- 
tell untersucht worden. Die Ergebnisse zeigen, dass das Phinomen wesentlich auf dem in 
den Zellen der Nierenkanilchen und in den Nierengiingen gespeicherten Kontrastmittel 
beruht; in gewissem Grade ist es jedoch auch abhingig vom Kontrast in den Venen, in 
welche dieser nach Riickdiffusion aus den Zellen der Tubuli gelangt. 


RESUME 


Les auteurs ont étudié expérimentalement sur des chiens l’effet néphrographique dans 
langiographie rénale. Les résultats de leur travail montrent que ce phénoméne est di 
su'tout au moyen de contraste accumulé dans les cellules des tubes et dans les canaux 
ex réteurs; mais il est di aussi, dans une certaine mesure, au moyen de contraste parvenu 
(la is les veines aprés diffusion rétrograde 4 partir des cellules des tubes rénaux. 
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PERCUTANEOUS SELECTIVE ANGIOGRAPHY OF 
THE SUPERIOR MESENTERIC ARTERY 


by 


Per Odman 


Selective angiography of the superior mesenteric artery with antegrade 
catheterization has already been described in the literature (BIERMAN et 
coll.). No special directions regarding technique have been given; nor 
does the method seem to have been used for diagnostic purposes, al- 
though some investigators have stressed the need for a more exact angio- 
graphic procedure in the diagnosis of mesenteric embolism (ODEN & 
W ALLENSTEN). 

When the technique for selective percutaneous angiography of the 
coeliac artery was worked out, it was found that the superior mesenteric 
artery could be catheterized with the KIFA radiopaque polythene 
catheter. ‘large’ size, which has been modelled for the coeliac artery 
(Opman). This possibility has subsequently been utilized in angiographic 
studies. Catheterization is carried out in approximately the same way 
for both the superior mesenteric and coeliac artery. After percutaneous 
transfemoral insertion, and under fluoroscopic control, the catheter, which 
has a sharp bend at its distal end, is pushed into the abdominal aorta till it 
is considered to be lying immediately caudal to the pertinent vessel 
opening. The tip is then directed cranially along the ventral aortic wall 
till it is caught up in the mouth of the artery. The procedure is controlled 
by fluoroscopy from the side. 


Submitted for publication 9 June 1958. 
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Fig. 1. Lateral view. Abdominal aorta narrows at origins of visceral branches. Central 
parts of renal arteries (—) lie ventral to aorta. 


The following features should be borne in mind in connection with 
the examination of the superior mesenteric artery. The abdominal aorta 
narrows considerably at the origin of the large visceral branches (Fig. 1). 
The distal bend of the catheter should therefore be made sharper for 
the superior mesenteric than for the coeliac artery. Both of these vessels 
always branch off ventrally from the abdominal aorta, the distance be- 
tween the openings measuring 0.5 to 2 cm (CAULDWELL & Awsoy). 
Since the superior mesenteric artery lies caudal to the coeliac artery, 
the movements of the catheter tip along the ventral aortic wall need to 
be directed slightly more caudally for the former vessel. The movement 
should therefore be started at the level of the middle part of the second 
lumbar vertebra (Fig. 2). 

When the catheterizing movements are directed cranially, the tip 
of the catheter meets the opening of the superior mesenteric artery first. 
If, on the other hand, the catheter is directed from above, past the openings 
of the coeliac and superior mesenteric arteries, the tip of the catheter is 
seldom caught up. Only when the tip of the catheter hugs the wall of the 
aorta, due to the aid of a guide-wire. can the catheter sometimes be led 
into the coeliac artery (OpMAN), although never into the superior mesen- 
teric artery. 

The openings of the visceral arteries often lie close to one another, and 
in consequence the catheter tip is sometimes by mistake passed into the 
wrong branch. When an attempt is being made to catheterize the superior 
mesenteric artery there is always a risk that the tip of the catheter will slip 
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umber; -+ 2 _, 3 into a renal artery. The coeliac artery, on the 

7 other hand, may usually be avoided. Fluoro- 

T12-L1 scopy is often of assistance in indicating which 

pees V// branch has been catheterized. When the 

lanes 7 catheter enters a renal artery. it swerves off 

L 1 middle YU J dorsally and laterally, even if at first it some- 

YT / /) //, times lies a fair distance ventral to the aorta 

oman 77 (Fig. 1). When in the superior mesenteric 

rer artery, it takes the form of a long U-shaped 

bend in the sagittal plane, with the extre mity 

L.2 cranial directed caudally, when in the coeliac artery, 

Fig. 2. Site of origin of superior it points ventrocaudally. The catheter may 

ee ee ee be pushed into the latter branch for a dis- 
spinal column, evaluated in 13 : . 

angiographic examinations of tance of 5 to 6 cm at the most: it penetrates 


branches of abdominal aorta. 


much farther into the superior mesenteric 
artery (OpMAN). 

If fluoroscopy gives no definite information as to which branch has 
been catheterized. the exact position of the catheter tip may be determined 
by a preliminary manual injection of 10 to 15 ml of a 45 % contrast 
medium. (Urografin — Schering — was used in these studies.) A lower 
concentration should not be employed. With a 45 per cent solution, or 
higher. the patient experiences the injection as a sensation of warmth, 
the site of which varies according to the branch into which the solution 
has flowed — if into the superior mesenteric artery, warmth is ex- 
perienced in the pit of the stomach or sometimes throughout the whole 
abdomen. It is thus possible to obtain information concerning the position 
of the tip of the catheter even before the test film is ready. 

Even if the fluoroscopic findings indicate that the catheter is in the 
superior mesenteric artery it is advisable to carry out a preliminary in- 
jection before the actual angiographic procedure, since the former will 
reveal whether the areas of diagnostic interest have actually been filled or 
not. It will also demonstrate whether the contrast medium, on account 
of vascular anomalies or because the catheter tip has been pushed too far 
in a peripheral direction, has become concentrated to one limited section 
of the superior mesenteric system. The latter situation should not be 
allowed to persist during the actual angiographic examination in which 
larger doses of contrast medium are used. 

‘For the angiographic examination, 6.8 to 0.9 ml Urografin 45 °% per 
kg of bodyweight should be injected at a rate of 8 to9 ml per second. 
Manual injection is hardly capable of producing such a large flow of 
‘ontrast medium. An injector apparatus should therefore be used. The 
vassage of the solution through the different parts of the vascular system 
s recorded by means of multiple bi-plane exposures. 
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a b 


Fig. 3. Cancer of caecum (verified at operation). a) Arterial phase. Tip of catheter in superior mesenteric 

artery. Middle colic artery (1); ileo-colie artery (2) with ileal branch (3) and colic branch (4); ileal arteries 

(5) and jejunal arteries (6). Colon arteries (—) with longitudinal anastomoses (++). No arteries in can- 

cerous area (>). b) Parenchymatous and venous phase. Colon wall (—) with demarcation line (+) 

indicates cancerous area, which is not filled with contrast medium. Wall of small intestine (—). 
Mesenteric vein (°-). 


Not only the superior mesenteric artery and its branches (Fig. 3 a) 
but also the intestinal wall and the venous return flow (Fig. 3 b) may be 
demonstrated with this technique. In normal subjects a typical vascular 
pattern may be seen in the colon, the main components of which are 
transverse, slightly tortuous arcades, approximately 2 mm thick. with 
scanty ramifications. Longitudinal communications may, however. some- 
times be seen between them. When the haustrations are distinguishable 
in the parenchymal phase, the arcades are often seen to be running in 
their recesses. The contrast medium seems in this phase to be concen- 
trated in the innermost layer of the colon wall, with the result that 
the outline of the mucous membrane is demonstrated. Multiple. milli- 
meter-wide, profusely ramified arteries are seen in the walls of the small 
intestine (Fig. 4). The wall is seen as a millimeter-thick layer. which 
probably represents the mucous membrane (Fig. 3 b). The outlined 
arcades and mucous membrane in both the large and small intestine 
change in appearance according to the degree of intestinal distention and 
the digestive phase. 
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Fig. 4. Multiple slender, profusely branching Fig. 5. Filled pancreatico-duodenal ar- 

arteries in wall of small intestine (—). Displace- cades (—) and liver arteries. Note straight 

ment to right due to splenic enlargement. Aberrant outline (++), corresponding to site where 
liver artery (++). hepatic artery divides. 


Vessels normally belonging to the coeliac system often become filled 
with contrast medium. Aberrant liver arteries arising close to the origin 
of the superior mesenteric are sometimes filled, as are omental arteries 
and the arcade of the greater curvature of the stomach. Contrast medium 
may also flow through the pancreatico-duodenal arcades to the gastro- 
duodenal artery (Fig. 5), and occasionally from there out into the liver 
arteries. 

The following information was obtained from the pathologic cases 
examined. 

Expansive processes caused displacement in various directions (Fig. 4). 
In connection with metastases in the mesenteric lymph glands the ar- 
teries in that region were stretched, spread out, and sparse. Carcinoma 
f the colon manifested itself as an avascular area clearly delimited from 

he surroundings; no contrast medium was seen in the mucous membrane 
f the affected area (Fig. 3). This is not in agreement with the findings 
f ScHOBINGER et coll. In a case of cirrhosis of the liver and ulcerative 
olitis, the superior mesenteric artery and its branches were widened. 
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Fig. 6. Cirrhosis of liver and ulcerative 
colitis. 

a) Superior mesenteric artery with wid- 
ened branches, particularly ileo-colic artery 
(—). Usual arcade pattern absent in ascen- 
ding colon. 


b) Abundance of irregular, tortuous veins 
in and around thickened colon wall, emp- 
tying into a large mesenteric vein (—). 


The vascular arcades in the colon were irregular and wide, and the out- 
lined wall thicker than normal. The veins became filled unusually early 
in relation to the arteries, and in the colon wall or its neighbourhoo 
there were clumps of varicose veins which emptied into the superio! é 
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mesenteric vein through widened branches (Fig. 6). The changes were 
attributable to the liver cirrhosis and/or ulcerative colitis. In the former 
condition, widening and varicose alteration of the veins may occur, and 
occasionally a wide superior mesenteric artery has been demonstrated 
by aortography (NELSON). On the other hand, arteriovenous shunts in 
the intestinal wall, which may give rise to the vascular changes in ques- 
tion, may be present in ulcerative colitis. 


Discussion 


Selective angiography of the superior mesenteric artery has previously 
been mentioned by BrERMAN et coll. and Mortno et coll. in connection 
with reports on catheterization of the visceral branches of the abdominal 
aorta. These authors used the Cournand instrument, which cannot be 
introduced percutaneously into the blood vessels, nor permanently bent 
like a radiopaque polythene catheter. The instrument was introduced 
by way of an artery (radial, humeral, or brachial) in the left arm in their 
investigations; the path to the superior mesenteric was hence long, and 
led past some difficult bends. It is especially troublesome to direct the 
catheter from the left subclavian artery through the aortic arch to the 
descending aorta, as the tip tends to slip down into the ascending aorta. 
This method of catheterization thus seems to be much more complicated 
than the one now described. Furthermore, with the antegrade technique 
only relatively narrow arteries can be selected, and it is therefore not 
possible to use catheters of as large a calibre as that employed in the 
present investigation. The difficulty of manoeuvring the catheter tip from 
the abdominal aorta out into the superior mesenteric artery was not en- 
countered with retrograde catheterization. In point of fact, this vessel 
seemed to be the lumbar aortic branch most easily accessible with the 
technique in question. 

Since the superior mesenteric system has proved to be sensitive to 
contrast medium when examined by lumbar aortography (GorTrLop, 
McAFEE, and V6LPEL) the question of complications was given special 
attention in the present study. No untoward effects of any kind were 
noted, however. It is true that my experience of the actual angiographic 
procedure is limited, seeing that only ten complete examinations have 
been carried out, but on the other hand a total of twenty-seven test ex- 
aminations of the superior mesenteric artery have been performed with- 
out any ill-effects in connection with angiography of the coeliac artery, 
using 15 to 20 ml of Urografin 45 °%% or 60 %. Nor, as far as I am aware, 
las any damage been caused to the superior mesenteric system by lumbar 
eortography with Urografin. 
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SUMMARY 


The technique for percutaneous selective angiography of the superior mesenteric 
artery is described. It is based on the use of a pre-modelled radiopaque polythene catheter 
which is introduced transfemorally. The advantages of the method as compared with 
antegrade catheterization of the superior mesenteric with the Cournand-catheter are 
discussed and the possibility of damage due to the contrast medium is considered. 


ZUSAMMENFASSUNG 


Die Technik bei der perkutanen selektiven Angiographie der Arteria mesenterica 
superior wird beschrieben. Sie ist auf der Anwendung eines geformten réntgendichten Po- 
lythenkatheters basiert, der transfemoral eingefiihrt wird. Die Vorteile dieser Methode im 
Vergleich mit der antegraden Katheterisierung der Mesenterica superior mit dem Cour- 
nandkatheter werden besprochen. Die Méglichkeiten einer Schidigung durch das Kon- 
trastmittel wird erwihnt. 


RESUME 


L’auteur décrit la technique de l’angiographie sélective percutanée de l’artére mésen- 
térique supérieure. Elle est basée sur l'emploi d’un cathéter en polythéne radio-opaque a 
laquelle on donne 4 l’avance la courbure voulue et qu’on introduit par l’artére fémo- 
rale. L’auteur examine les avantages de cette méthode par rapport au cathétérisme 
antérograde de l’artére mésentérique supérieure avec la sonde de Cournand et envisage 
la possibilité d’incidents dus au moyen de contraste. 
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MARBURG/LAHN, WEST-DEUTSCHLAND 


NORMALE UND PATHOLOGISCHE 
LUNGENSEGMENTE IM SELEKTIVEN 
ANGIOGRAMM 


von 


Hh. Lohr, H. Scholtze und W. Grill 


Seit iiber 25 Jahren bemiiht man sich, die Lungengefiisse durch Kon- 
trastmittelinjektion sichtbar zu machen, um die Veranderungen des 
Lungengefassbaumes in morphologischer und funktioneller Hinsicht fiir 
die Diagnostik der Lungenerkrankungen auszuwerten. Zunichst ver- 
suchte man, die Lungengefisse wihrend der Endphase der Angiocardio- 
sraphie durch Serienaufnahmen darzustellen (RoBB und STEINBERG. 
WoOTTER und STEINBERG). Wertvolle Beitrage zum Studium der Gefiiss- 
erinderungen hauptsichlich beim Bronchialkarzinom und bei der Lun- 
ventuberkulose stammen von DE CaRVALHO, AMEUILLE u. Mitarb., ANDER- 
eN u. Mitarb., und von Rimini u. RoDRIGUEZ, u. a. 

Die Bilder der ‘Angiopneumographie’, der Gesamtdarstellung der 
ungengefiisse sind wegen der verwirrenden Uberlagerung der Pulmo- 
lisiste schwer zu deuten. Die moderne Lungenchirurgie fordert aber 
cht nur eine méglichst weitgehende Réntgendiagnostik der Parenchym- 
‘randerungen, sondern auch ihre exakte Lokalisation innerhalb eines 
‘stimmten Segmentes, nachdem das Lungensegment als funktionelle und 
irurgische EKinheit immer mehr in den Vordergrund des Interesses 


Bei der Redaktion am 14. Januar 1958 eingegangen. 
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geriickt ist. Die genaue Segmentlokalisation erweist sich mit der Angio- 
pneumographie als sehr schwierig, selbst wenn man simultane Serienauf- 
nahmen in 2 Ebenen anfertigen kann. Ausserdem kommt das Kontrast- 
mittel trotz Verwendung grésserer Mengen nur stark verdiinnt im Aus- 
breitungsgebiet der Lungenarterie an, sodass die Kontraste leiden und 
eine ins Kinzelne gehende Beurteilung der Gefassverinderungen unmég- 
lich wird. Etwa zur gleichen Zeit versuchte man deshalb, das Kontrast- 
mittel durch einen in das rechte Herz eingefiihrten Katheter in den Stamm 
der Lungenarterie zu injizieren, nachdem ForssMANN 1929 den Weg 
dazu gewiesen hatte. Besonders zu erwaihnen sind in diesem Zusammen- 
hang die Untersuchungen von JONSON, BrRopEN und KARNELL, und 
LOFFLER. Aber auch diese Methode liasst keine ganz exakte Darstellung 
der Lungengefassveranderungen zu. 

Um die Ausarbeitung der ‘selektiven Lungenangiographie’, die alle 
diese Nachteile vermeidet und ihre Einfiihrung in die Diagnostik der 
Lungenkrankheiten haben sich ForssMANN und der KO6lner Arbeitskreis 
um Knipprnc (Bor u. Mitarb. 1957), u. a. grosse Verdienste erworben. Die 
Katheterspitze wird bei dieser Methode bis in die Lungensegmentarterien 
vorgefiihrt. Die genannten Autoren haben gezeigt, dass die selektive 
Angiographie mit Hilfe des Herzkatheters die einzelnen Segmentarterien 
klar und deutlich hervortreten lisst und dass mit ihrer Hilfe wertvolle 
Schliisse fiir die Diagnostik der verschiedensten Herz- und Lungener- 
krankungen méglich sind. Das Verfahren hat den Vorteil, dass man vor 
der Ausfiihrung von Lungenresektionen besonders interessierende Teilab- 
schnitte der Lunge systematisch und gezielt darstellen kann. Voraus- 
setzung ist die Kenntnis der Segmentanatomie der Lunge und die Beherr- 
schung einer subtilen Technik, um die Katheterspitze in die bestimmte 
Lungensegmentarterie einfiihren zu kénnen, was bei manchen Erkran- 
kungen, z. B. bei fortgeschrittenen Fallen von Lungentuberkulose mit viel- 
fachen Verziehungen der Lungenarterie durch schrumpfende Parenchym- 
prozesse, Pleuraschwarten und Kollapsmassnahmen nicht immer leicht 
ist. 

Die Kélner Schule um Knipprna bemiihte sich, aufbauend auf den 
fundamentalen Untersuchungen von CouRNAND und seiner Schule, in 
Zusammenarbeit mit ForssMANN vor allem um die Klairung pathophy- 
siologischer Zusammenhiange zwischen Herz- und Lungenerkrankungen 
Rink (Bout u. Mitarb. 1957) zeigte an Hand eines grésseren Tuberkulose- 
krankengutes die vielseitigen Veranderungen der Lungengefasse im se- 
lektiven Angiogramm, um Hinweise fiir die Indikationsstellung zu den 
Teilresektionsverfahren an der Lunge zu gewinnen. In einer Monograph 
fassten Bott, ForssMANN und Rink (1957) ihre Erfahrung an 2,00( 
selektiven Lungenangiographien zusammen. Weitere wichtige Arbeite1 
stammen von Cicero und CAsTILLo in Mexico. 
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Kine eingehende Monographie erschien 1954 von NoRDENSTROM, der 
die experimentellen Grundlagen zur temporaren Blockierung der Lungen- 
arterie einer Seite mit Hilfe eines Ballon-Katheters mit doppeltem Lumen 
schuf. Diese Methode erméglicht es, den Gefaissbaum eines ganzen Lungen- 
fliigels mit geringsten Mengen von Kontrastmittel darzustellen und die 
{inzelheiten der Gefissverinderungen wahrend der Durchleuchtung in 
aller Ruhe durch Zielaufnahmen festzuhalten, da die Strémungsgeschwin- 
digkeit in der blockierten Lunge stark verlangsamt ist. Durch die Kon- 
trastmittelinjektion distal von der blockierten Lungenarterie gelingt es, 
nicht nur die Lungenarterie, sondern auch die Lungenvenen selektiv 
darzustellen. Durch densigraphische Messungen der Durchblutung des 
Lungengewebes vor und nach der Blockierung konnte gezeigt werden, 
dass der Blutgehalt der verschlossenen Lunge betrachtlich abfallt, wahrend 
der Blutgehalt der nicht blockierten Lunge etwa um 1/3 zunimmt. All- 
gemeinwirkungen auf den Organismus konnten durch ausgedehnte experi- 
mentelle Untersuchungen ausgeschlossen werden. NORDENSTROM konnte 
auch réntgenologisch eine Kommunikation zwischen dem Bronchial- und 
dem Lungengefissystem am lebenden Hund nachweisen. Wahrscheinlich 
ist die Tatsache, dass das Kontrastmittel nach der Injektion bei ver- 
schlossener Lungenarterie zwar langsam fliesst, aber mit der Zeit doch 
verschwindet, durch das Funktionieren solcher Anastomosen zwischen dem 
Bronchial- und dem Lungengefissystem zu erklaren. 

Obwohl die Kontrastdarstellung der Lungengefisse nach den Unter- 
suchungen von VIETEN und SCHOENMACKERS an postmortalen Angio- 
grammen eine Differentialdiagnose nicht erlaubt, so wiinschenswert dies 
auch wire, ist die besondere Bedeutung der Lungenangiographie in fol- 
genden Tatsachen zu sehen: 

1. Sie erlaubt eine genaue Lokalisation einer Verinderung innerhalb 
eines bestimmten Segmentes, was besonders im Hinblick auf die geplante 
Lappen- oder Segmentresektion sehr wichtig ist. 

2. Sie gestattet es, aus den morphologischen Verainderungen des ein- 
zelnen Segmentes geradezu die pathophysiologischen Veranderungen eines 
solchen begrenzten Lungenteiles abzulesen, lange bevor die funktionelle 
Schidigung in den Ergebnissen der iiblichen physiologischen Funktions- 
proben zum Ausdruck kommt. 

Die Untersuchung des Gasstoffwechsels und der Blutgasanalyse kénnen 
ur summarische Urteile iiber beide Lungenfliigel, in speziellen Fallen 
iber einen ganzen Lungenfliigel abgeben. 

Kinen genauen Einblick in die Morphologie und Funktion eines einzelnen 
egmentes erlaubt bisher nur die selektive Lungenangiographie. Einen 
esonderen Vorteil dieses Verfahrens gegeniiber der gezielten Broncho- 
raphie sehen wir darin, dass bei der Lungenangiographie das Kapillar- 

‘biet von dem Kontrastmittel durchflossen wird und das die feinsten, 
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A’ A 


Abb. 1. Schematische Abbildung der normalen Abgiinge der 
Segmentarterien. 


dem Kapillarkreislauf unmittelbar vorgeschalteten kleinen Arterien, die 
fiir die Beurteilung der Funktion sehr wichtig sind, noch abgebildet 
werden, wihrend man bei der Bronchographie durch absichtliche Er- 
héhung der Viskositaét des Kontrastmittels eine Alveolarfiillung unter 
allen Umstanden zu vermeiden sucht. 

Die Retention des viskésen Kontrastmittels in den Alveolen kann 
unerwiinschte Folgen haben. Der Durchmesser der kleinsten Bronchen, 
deren Abbildung bei der Bronchographie gerade noch zugelassen wird, 
liegt etwa in einer Gréssenordnung von 1 mm (VIETEN), wahrend bei 
der Angiographie die kleinsten, im Réntgenbild noch erkennbaren Ar- 
terien des Lungenmantels etwa 150 w gross sind. In diesem Unterschied 
ist eine betrachtliche Verfeinerung vor allem der funktionellen Diagnostik 
gegeniiber der Bronchographie begriindet. 


Material und Methoden 


Der Arbeit liegen Erfahrungen an 250 Kranken mit den verschiedensten Lungen- 
erkrankungen zu Grunde, die im Rahmen der priaoperativen Diagnostik mit Hilfe der 
selektiven Lungenangiographie untersucht wurden. Von diesen Kranken stehen uns zur 
Beurteilung und Ergainzung der Lungenangiogramme die wahrend der stationiren Beo- 
bachtung erhobenen klinischen und réntgenologischen Befunde zur Verfiigung. Aus- 
serdem liegen die Ergebnisse der lungenphysiologischen Untersuchungen (Spirometrie 
Blutgasanalyse, Druckmessungen im kleinen Kreislauf) vor. 84 Kranke wurden eine 
Lungenresektion (Pneumonektomie, Lobektomie oder Segmentresektion, z. T. in Kom 


a 
A A’ 
la A > 
A 
A 
A | 
A’ | 
A’ 
9 
A 
A 
| 
| 
t 


gen- 

de1 
Beo- 
Aus- 
‘trie 
pine! 
com 


ti 


NORMALE UND PATHOLOGISCHE LUNGENSEGMENTE 37 


Abb. 2. Grenzen der normalen bronchopulmonalen Segmente auf der Pleuraoberfliche, 
Internationale Nummerierung. Oben: Rechte Lunge von lateral und mediastinal. Unten: 
Linke Lunge von lateral und mediastinal. 


nation oder bilateral) unterzogen, sodass es uns méglich war, die wihrend des Kin- 
fes erhobenen Befunde am ganzen Lungenfliigel, die Ergebnisse der makroskopischen 
| mikroskopischen Untersuchungen der Operationspraparate und z. T. auch die Rént- 


vufnahmen der mit Kontrastmittel injizierten Priparate mit den Angiogrammen zu 
sleichen. 


Technik. Die Untersuchung wird in gleicher Weise wie die Katheterisierung des 
zens bei angeborenen und erworbenen Herzfehlern mit Hilfe eines Cournand-Ka- 
ers verschiedener Grosse in Lokalanisthesie ausgefiihrt. Man lasst die gebogene 
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Katheterspitze unter Rotation des Katheters um die eigene Achse unter Durchleuchtungs- 
kontrolle durch das rechte Herz hindurch in die rechte oder linke Lungenarterie, von da 
in die gewihlte Segmentarterie hineingleiten. Als Kontrastmittel dient 76 °%-iges Uro- 
grafin (Schering, Berlin). 

Gleichzeitig mit der Injektion von 8 bis 10 bis 12 ml Kontrastmittel belichtet man die 
Aufnahme in verschiedenen Ebenen am Durchleuchtungsgerit. Um Reizleitungsstérungen 
des Herzens durch die Manipulationen mit dem Katheter sofort erkennen zu kénnen, 
verfolgen wir das EKG laufend am Sichtgerat und schreiben es sofort mit einem Direkt- 
schreiber auf, sobald Reizleitungsstérungen auftreten. Auf diese Weise kann man die Art 
der Reizleitungsstérung schnell erkennen und u. U. eine geeignete Behandlung einleiten. 

Die Gefahr der Reizleitungsstérungen durch die Katheterspitze ist aber bei herzge- 
sunden Kranken bei weitem nicht so gross wie beim Herzkranken. Gute Erfahrungen 
haben wir mit Hartstrahlaufnahmen und Feinstfokus gemacht. Man erhalt so kiirzeste 
Belichtungszeiten und die Gefisszeichnung ist auf diesen Bildern viel scharfer als mit 
der normalen Technik. Zum Teil konnten wir die Aufnahmen am Seriengerit nach JANKER 
unter simultaner Schaltung der a. p. und seitlichen Aufnahmen ausfiihren. 

Den Abschluss der Untersuchung bildet die Druckmessung in den einzelnen Ab- 
schnitten der Lungenarterie und des rechten Herzens mit dem Kompensatormanometer 
nach HaNnsEN und dem Druckmessgerat nach NEUHAUS. 

Verwendet wurde die der internationalen Nomenklatur des Bronchialsystems an- 
gepasste Benennung der Lungengefisse, die wir in unserer Monographie iiber die Lungen- 
resektionen (1954) erliutert haben. Abb. 1 gibt einen schematischen Uberblick iiber die 
Abgiinge der einzelnen Segmentarterien. Die Katheterspitze wird bei der selektiven Dar- 
stellung in die Ostien der Segmentarterien eingelegt. 

Die Nomenklatur des linken Lungenfliigels ist im wesentlichen die gleiche wie rechts, 
abgesehen davon, dass die Lingula als Homologon des rechten Mittellappens ein Teil 
des Oberlappens ist und dass auf der linken Seite ein medio-basales Segment 87 nur in 
den wenigsten Fillen deutlicher ausgeprigt ist, weshalb es in die internationale Nomen- 
klatur nicht aufgenommen wurde. 

Da im morphologischen Bild des Segmentangiogrammes auch die feinsten, eben 
beginnenden Schiidigungen des Lungenparenchymas zum Ausdruck kommen, muss man 
sich eine genaue Vorstellung iiber die angiographische Gestalt der normalen Segment 
arterie verschaffen, um pathologische Verainderungen genauer beurteilen zu kénnen. Die 
normale Anatomie der Segmentgefisse mit ihren mannigfachen anatomischen Varianten 
wurde von BoyDEN am anatomischen Priparat und von HorNYKIEWYTSCH und STENDER 
im Schichtbild ausfiihrlich dargestellt. Mit dem Erscheinungsbild der Segmentbronchen 
und ihren Varianten im Bronchogramm befassten sich Stutz und VIETEN in eine! 
ausfiihrlichen Monographie. Es sollen deshalb nur die wichtigsten, fiir das Verstandnis 
nétigen Tatsachen aufgefiihrt werden. Die Grenzen der Lungensegmente auf der Pleura 
oberfliche, wie wir sie in Zusammenarbeit mit HEBERER bei der anatomischen Prapara- 
tion von 200 Lungenpriparaten durch Injektion von verschiedenfarbigem Agar-Agar vom 
Segmentbronchus aus als haiufigste Anordnung fanden, zeigten die Abb. 2. Dic Unterein- 
heiten der Lungenlappen kénnen fiir sich getrennt reseziert werden, wie unsere eigenen 
Erfahrungen (ZENKER und HEBERER) gezeigt haben. 


A. Normale Anatomie der Segmentarterien bei Angiographie 


1. Die Arterien des rechten Oberlappens. Die 3 Segmentarterien des 
rechten Oberlappens sind: die apikale Segmentarterie A' (Abb. 3), die 
posteriore Segmentarterie A? (Abb. 4) und die anteriore Segmentarter e 
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bb. 3 A!, Segmentarterie des Abb. 4. A*, Segmentarterie Abb. 5. A*, Segmentarterie des 
likalen Segmentes S! des des posterioren Segmentes S? anterioren Segmentes S* des rech- 
‘hten Oberlappens. Vendéser des rechten Oberlappens. ten Oberlappens. Angedeutet sind 
ickfluss iiber die V. apica- die Abgange von A! und A?, 

lis V'. 


\° (Abb. 5). In der Regel bildet die Arterie zum rechten Oberlappen 
eine Bifurkation mit den Asten At? und A’. In etwa 1/5 der Fille besteht 
eine Trifurkation (Abb. 5), bei der A? oder Teile von A‘ oder A* den 
mittleren Ast darstellen. 

A’ entspringt vom obersten medialen Rand der Oberlappenarterie, 
zieht in latero-dorsaler und cranialer Richtung zur Lungenspitze und 
versorgt die Lungenspitze und die subapikalen vorderen und mediasti- 
nalen Teile des Oberlappens bis in Héhe der 2. Rippe vorne (apikales 
Segment 

Ursprung und Verlauf von A? wechseln sehr. A? kommt als einzelner 
Stamm nur in etwa 1/3 aller Fille vor (Abb. 4). Sie entspringt dann 
entweder an der Hilusvorderseite von der Oberlappenarterie oder an der 
Interlobirseite von der Pars interlobaris der Lungenarterie. In etwa 2/3 
der Falle ist A? durch 2 oder mehrere Aste dargestellt, die dann entweder 
von At, A® oder A*, meist von der Hilusvorderseite und der Interlobir- 
seite des Oberlappens gleichzeitig entspringen. A? zieht in der Regel 
bogenférmig in dorsaler, cranialer und etwas lateraler Richtung und ver- 
sorgt den hinteren und basalen, subapikalen Teil des Oberlappens (po- 
steriores Segment 82). 

A* entspringt etwa in der Halfte der Fille von der Oberlappenarterie 
al: selbstiindiger Ast an der Vorderseite des Hilus (Abb. 5), in der anderen 
H: \fte der Fille entspringt ein Subsegmentast von vorne, der andere 
vo der Interlobirseite. Ein Subsegmentast verliuft horizontal in late- 
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Abb. 6. Segmentarterien At und A® Abb. 7. A*, Segmentarterie des apikalen 
des rechten Mittellappens (S***). Gtelaenennbisten S* des rechten 
Unterlappens. 


raler Richtung, der andere in fast sagittaler Richtung. [hr Versorgungs- 
gebiet, das anteriore Segment S*, nimmt die vorderen, seitlichen und 
unteren Teile des Oberlappens ein. 


2. Die Arterien des rechten Mittellappens. Die beiden Segmentarterien 
des Mittellappens, A‘ fiir das laterale Segment S* und A® fiir das mediale 
Segment S*, entspringen in iiber der Hialfte der Falle von einem kurzen 
gemeinsamen Stamm, der seinen Abgang von der Vorderseite der Pars 
interlobaris der Lungenarterie in der Interlobarfissur nimmt (Abb. 6) 
In den iibrigen Fallen finden sich 2 getrennte, von der Lungenarteric 
abgehende Aste, die dann aber meist nicht die entsprechenden broncho- 
pulmonalen Segmente versorgen, sondern teilweise auf das benachbarte 
Segment iibergreifen. Im allgemeinen kann man sagen, dass A‘ die seit 
lichen hinteren Teile, A® die vorderen medialen Teile des Mittellappens 
versorgt. 


3. Die Arterien des rechten Unterlappens. S*, das apikale Segment des 
Unterlappens, sitzt der basalen Segmentgruppe wie eine Kappe auf uni‘ 
nimmt dem Volumen nach etwa die Halfte des ganzen Lappens ein. 

A* (Abb. 7) zeigt im Angiogramm ein sternférmiges Ausbreitung:- 
gebiet dicht neben dem rechten Herzrand etwa in Hohe der Einmiir - 
dungsstelle der V. cava superior. A* entspringt in Hohe des Abganges der 
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Abb. 8. Segmentarterien A*, AX und A'® Abb. 9. At und A®*, Segmentarterien der 
der basalen Segmentgruppe des rechten Lingula S*‘*® des linken Oberlappens. 
Unterlappens. 


Mittellappenarterie oder etwas unterhalb davon und zieht nach dorsal. 
In 4/5 der Faille versorgt eine einzige Arterie A‘ das Segment, d. h. A® 
seht als kurzer gemeinsamer Stamm von der Unterlappenarterie ab, um 
ich dann in ihre 3 Subsegmentiste aufzuspalten. In den iibrigen Fallen 
findet man eine strauchartige Aufzweigung, wobei die einzelnen Aste von 
len verschiedensten Stellen der Pars basalis der Lungenarterie ent- 
pringen kénnen. 
Die Arterien der basalen Segmentgruppe des rechten Unterlappens 
\bb. 8) entspringen von einem kurzen gemeinsamen Stamm, der Pars 
basalis der Lungenarterie, um sich in Form eines Dreifusses aufzuspalten. 
A’*, die kraftigste Arterie zum postero-basalen Segment 8'°, liegt am 
eitesten medial und dorsal, A’, die Arterie des latero-basalen Segmen- 
s S*, am weitesten lateral. Zwischen beiden Arterien verlauft <A’, 
e Arterie zum antero-basalen Segment, nach vorne. A’, die Arterie 
‘s kleinen medio-basalen Segmentes 8’, entspringt etwas héher am 
edialen Rand der Pars basalis. Schon diese wenigen Aufnahmen zeigen 
‘n ausserordentlichen Formenreichtum der einzelnen Segmente. 


4. Die Arterien des linken Oberlappens. Auf der linken Seite ist die 
nordnung der Segmentarterien des Oberlappens durch die Erscheinung, 
ss die Lungenarterie iiber den Oberlappenbronchus hinwegzieht, grund- 
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sitzlich gegeniiber der rechten Seite verandert. Meist sind mehr Arterien 
ausgebildet, als der Zahl der Segmente entspricht, da das anteriore Seg- 
ment §S* und die Lingulasegmente durch Arterien von der mediastinalen 
und der interlobiren Seite des Lappens gleichzeitig versorgt werden. Aus- 
serdem erhalten das apikale Segment S' und das posteriore Segment S* 
fast immer getrennte Arterien. 

Die Bildung gemeinsamer Stimme erfolgt von zwei zentralen Punkten 
aus: die erste Gruppe entspringt von der Pars anterior der A. pulmonalis 
an der Vorderseite des Lungenhilus (A, Teile von A? und A*, Varianten 
von A‘ und A®). Die zweite Gruppe entspringt in der Interlobirfissur von 
der Pars interlobaris der Lungenarterie (Teile von A’, A?, A***). Deshalb 
erhilt man bei der Angiographie die verschiedensten Bilder. In der Re- 
gel sind die vom obersten Bogen der A. pulmonalis entspringenden Gefas- 
se A', A? und A®*. 

A?, die Arterie zum posterioren Segment 8, ist daran zu erkennen, 
dass ihre dussersten Ausliufer im Gegensatz zu A' nicht bis zur Lungen- 
spitze hinaufreichen. Die Versorgungsgebiete der 3 oberen Segmentarterien 
entsprechen im Allgemeinen der Anordnung auf der rechten Seite. Die 
Lingula besteht aus einem oberen Segment St und einem unteren Seg- 
ment 8° (Abb. 9), da sie die Drehung, die der rechte Mittellappen bei 
seiner Spaltung vom Oberlappen ausfihrt, nicht mitmacht. Die ent- 
sprechenden Segmentarterien A‘ und A® entspringen in der Regel von 
einem kurzen gemeinsamen Stamm, der aus der Pars interlobaris der 
Lungenarterie hervorgeht. A‘ versorgt den oberen, ventralen, pericar- 
dialen und lateralen Teil der Lingula. A® breitet sich nach den unteren 
paracardialen Teilen und der Spitze der Lingula aus. 


Die Arterien des linken Unterlappens. Die Anordnung der Arterien 
zum linken Unterlappen lisst gegeniiber rechts keine grundsitzlichen 


Unterschiede erkennen. A’ ist auf der linken Seite in nur etwa 10 % der 


“alle deutlich ausgebildet. Sie entspringt dann meist von A’. 


Die Lungenvenen. Die Lungenvenen, die bei der Segmentresektion 
wegen ihrer meist intersegmentalen Lage als Wegweiser fiir die Spaltebene 
eine so grosse Rolle spielen (e. g. BoyDEN 1955) haben bei der selektiven 
Angiographie eine geringere diagnostische Bedeutung, da sie mit dem 
Katheter von dem rechten Herzen aus nicht unmittelbar erreichbar sind. 
Bei der Darstellung der kapilliren Fiillungsphase kénnen sie jedoch ab- 
gebildet werden. Sie sind dann fiir die anatomische Zuordnung voi 
Arterien zu einem bestimmten Segment eine willkommene Hilfe. Mai 
schiebt dabei die Katheterspitze soweit in den Lungenmantel vor, das: 
sie das Lumen der Arterie fast ganz verschliesst und injiziert wenigi 
milliliter Kontrastmittel vorsichtig unter massigem Druck. 
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\bb. 10. Normales Subsegment von Abb. 11. Kapillarfiillung in normalem Lungengewebe (latero- 
** mit vendédsem Riickfluss iiber V* basales Segment 8° des rechten Unterlappens). 
(Intersegmentvene S*/Lingula). 


Abb. 3 zeigt die V. apicalis V' des rechten Oberlappens, dargestellt 
durch Injektion von A’. In Abb. 10 hat sich die V. inferior V* abgebildet, 
die sich in der Intersegmentebene zwischen 8*/Lingula ausbreitet. 


7. Die kapillare Fiillungsphase der normalen Lunge. Schiebt man die 
Katheterspitze soweit in den Lungenmantel vor, dass sie das Lumen der 
\rterie fast ganz verschliesst und injiziert man das Kontrastmittel ganz 
vorsichtig unter missigem Druck, wie es in Abb. 11 geschehen ist, so 
erscheint fiir einen Augenblick ein dichter Kontrastmittelschleier um 
die femsten Gefiassabgiinge herum, der mit grosser Geschwindigkeit iiber 
die zugeordneten Venen wieder abfliesst. Der ganze Vorgang dauert etwa 
| bis 2 Sekunden. Dieser Schleier entsteht beim Durchfluss des Kon- 
trastmittels durch das Kapillargebiet der Alveolen. In dem Erscheinen 
des Phanomens sehen wir einen Beweis dafiir, dass das Kapillar- und 
\lveolargebiet des Lungenmantels durch die Grundkrankheit nicht ge- 

hidigt oder zerstért wurde. In Abb. 12 bis 14, und 16 bis 18 sind 
eispiele einer ausgedehnten Schidigung des Kapillargebietes wiederge- 
‘ben. 
Wir haben uns die Frage vorgelegt, bis zu welcher Gréssenordnung 
e Lungenarterien angiographisch darstellbar sind. Nach Messungen an 
iseren Réntgenbildern, auf denen kleinste Arterienverzweigungen in der 
ripherie des Segmentes dargestellt sind, betragt der Durchmesser einer 
lchen kleinsten, gerade noch erkennbaren Arterie etwa 1/5 mm. Der 
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Abb. 12. Spezifische Streuherde (a) verursachen im Angiogramm eine Rarefizierung (b) durch Einengun 
oder Verschluss der kleineren Gefisse. 


Film-Focusabstand an unserem Durchleuchtungsgerat betraigt 70 cm 
Wenn man als halben Thoraxdurchmesser des Patienten einen Betrag 
von 15 cm annimmt, so ergibt eine einfache Rechnung, dass ein Gefiss mit 
dem Durchmesser 0.2 mm im Rontgenbild in Wirklichkeit einen Durch 
messer von 0.15 mm hat. Nach von Hayek liegt der Ubergang von de1 
kleinsten Lungenarterien zu den Arteriolen etwa bei einer Grenze von 
50 «. Man kann also sagen, dass man bei der angiographischen Dar 
stellung der kleinsten Gefissabginge des Segmentarterienbaumes ziem 
lich nahe an das Arteriolengebiet herankommt, dass man die Arteriolen 


und Kapillaren selbst aber nie einzeln abbilden kann. Sie ergeben aber 
als Summationseffekt den beschriebenen Kontrastmittelschleier um dic 


kleinsten Arterienverzweigungen herum (Abb. 11). 


Uber das réntgenologische Erscheinungsbild einer normalen Segment 
arterie kann man also folgendes zusammenfassen: 


Die Segmentarterie besteht aus einem zentralen Hauptgefiiss, von den 


unter stetig abnehmenden Winkeln nach der Peripherie zu immer kleiner’ 


Seitenzweige bis zu den feinsten Veriastelungen im Lungenmantel ent 
springen. 


Das zentrale Hauptgefiiss verlauft entsprechend der Lage des betre!- 
fenden Segmentes in einem natiirlich geschwungenem Bogen unter kon- 
tinuierlicher Abnahme des Kalibers zur Peripherie in der Hauptachs > 


des Segmentes. 
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Die Art der Aufzweigung der Gefasse lisst Vergleiche mit Verzwei- 
sungsarten im Pflanzenreich zu. Man unterscheidet den ‘magistralen’ 
“dendroiden’ Verzweigungstyp (magistralis die Grundlage bildend, 
auptsichlich. Tod dévdoov = der Baum) und den ‘strauchartigen’ oder 
thamnoiden’ Verzweigungstyp (6 d«uvog = Strauch, Gebiisch, z. B. Abb. 

und 15). 

Zwischen diesen extremen Typen beobachtete von Hayek (1953) 
thlreiche Ubergangsformen der Aufzweigung der Segmentarterie. Die 
ufzweigungswinkel projizieren sich je nach der Atemphase mit ver- 
‘hieden spitzen Winkeln auf die Filmebene. Die kleinsten, im Angio- 
ramm erkennbaren Verzweigungen, die fiir die Beurteilung der Lungen- 
inktion so grosse Bedeutung haben, sind sicher noch Arterien, die dem 
apillarkreislauf aber unmittelbar vorgeschaltet sind. Die einzelnen Ar- 
riolen und Kapillaren legen jenseits der réntgenologischen Darstell- 

barkeit. Man kann aber das Kapillargebiet als wolkenartigen Schleier um 
die kleinsten Arterienverzweigungen herum sichtbar machen, wie es oben 
beschrieben wurde. 


Die genannten Kennzeichen einer normalen Segmentarterie halten wir 
fiir besonders wichtig, um beurteilen zu kénnen, ob in dem betreffenden 
Segment ein pathologischer Prozess vorliegt oder nicht. 


B. Pathologie der Segmentarterien bei Angiographie 


Die wichtigsten pathologischen Veranderungen des Segmentangio- 
gramms bei den verschiedenen Lungenerkrankungen lassen sich auf Grund 
unserer Vergleichsuntersuchungen mit den nach der Lungenresektion ge- 
fundenen histologischen Veranderungen folgendermassen kurz zusammen- 
fassen: 


|. Kleine, iiber den Lungenlappen oder iiber einen ganzen Lungenflii- 
gel diffus ausgebreitete Streuherde spezifischer oder unspezifischer Genese 
verursachen in ihrer unmittelbaren Umgebung eine reaktive Fibro- 
sierung der Gefiisswand mit Verdickung hauptsichlich der Media und der 
Adventitia und Einengung oder Verschluss des Gefiasses (Abb. 12 a). 
Am friihesten werden dabei zusammen mit dem Kapillargebiet die klein- 
sten. unmittelbar vorgeschalteten Arterien zerstért. Je weiter der Prozess 
for'schreitet, je enger die Streuherde zusammenriicken, um so gréssere 
Arierien des Lungenmantels werden dabei betroffen. Diese Erscheinung 
zeit sich im Segmentarteriogramm an einem mehr oder weniger starken 
Au-fall der kleinsten Seitenzweige des normalerweise reich verzweigten 
Seg nentarterienbaumes (Rarefizierung Abb. 12 b). Ausserdem erleiden 
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Abb. 13. Rarefizierung und korkzieher- Abb. 14. Vollstiindige Schrumpfung des rech- 

artige Windung der Arterien des linken ten Oberlappens durch jahrelang bestehenden 

Unterlappens als Zeichen einer spezifi- Kollaps mit schweren Zerstérungen des Ge- 

schen Streuung unter einem Oleothorax. fiassystems. Der rechte Oberlappen ist funk- 
tionell tot. 


die kleinen Arterien in unmittelbarer Nahe der Streuherde infolge der 
lokalisierten Schrumpfung des Lungengewebes eine verschieden starke 
Verziehung, die sich im Angiogramm als korkzieherartige Windung des 
Gefisses mit sprungartiger Anderung des Kalibers zu erkennen gibt (Ab). 
13). 

Als sehr wertvoll fiir die Beurteilung der Ausdehnung des Prozesses 
und damit fiir die Operationsindikation hat sich uns die gezielte Lungen- 
angiographie bei der Beurteilung von Bronchiektasen erwiesen. Manchmal 
ist man anhand des bronchographischen Befundes im Zweifel. wie weit 
benachbarte Segmente durch den Degenerationsprozess mitergriffen sind. 
und ob sie bei einer plurisegmentalen Resektion mitentfernt werden 
miissen, um ein Recidiv zu vermeiden. Oft zeigt dann das Angiogramm 
schon Gefiassverinderungen in diesen Nachbarsegmenten infolge der den 
chronischen Entziindungsprozess der Bronchialwand begleitenden degeie- 
rativen Gefiassverinderungen, obwohl eindeutige Bronchiektasen im 
Bronchogramm nicht sichtbar sind. 


2. Die gleichen Erscheinungen der fibrésen Degeneration. der (e- 
fisswandverdickung und des fortschreitenden Fiillungsausfalles kleins’et 
Seitenzweige der Segmentarterie beobachtet man bei jahrelang bes‘e- 
hender Funktionsschadigung des Lungengewebes unter Kollapsmassn: h- 
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»b. 15. Normales Gefissystem Abb. 16. Zerstérung des Paren- Abb.17. Rarefizierung, Sprei- 

nteriores Segment S* des rechten chyms im anterioren Oberlap- zung und Engstellung als 

berlappens) unter einem erst pensegment S* links unter spezi- Zeichen eines Emphysem 

ngst angelegten Pneumothorax fischer Empyemresthéhle. Trotz (mediales Subsegment von 8 

gen kavernésen Zerfalles im Darstellung des vendsen Riick- 

jiko-posterioren Segment S'*?  flusses kommt keine kapillire 
des rechten Oberlappens. Fiillung zustande. 


rechts) durch schrumpfenden 
Prozess in der Lungenspitze. 


men (Pneumothorax, Thorakoplastik, Pneumolyse, Oleothorax, Abb. 13) 
oder bei chronischer Atelektase. 

Abb. 14 zeigt den durch eine chronische Atelektase véllig geschrumpf- 
ten rechten Oberlappen mit seinen schwer geschidigten Gefiassen. Abb. 
15 zeigt dagegen, dass das Gefissystem iiber einem erst vor kurzer 
Zeit angelegten Pneumothorax noch vollstandig erhalten ist (A*, Arterie 
des anterioren Oberlappensegmentes, rechts). Die jahrelang bestehende 
Minderdurchblutung und Minderbeatmung fiihrt zu ausgedehnten reak- 
tiven Gefaisswandprozessen. Man kann also aus dem Grade der im Angio- 
gramm erkennbaren Gefissveranderungen auf die Schadigung der Funk- 
tion des umgebenden Lungenparenchyms in einem einzelnen Segment 
schliessen und entscheiden, ob eine Atelektase reversibel oder irreversibel 
ist, ob das unter einem Kollapsverfahren liegende Lungengewebe nach 
der Dekortikation seine Funktion in befriedigender Weise wieder auf- 
nimmt oder nicht. 

Besonders eindrucksvolle Bilder erhielten wir bei der angiographischen 
Untersuchung des Lungengewebes bei spezifischen und unspezifischen 
(Abb. 16). 


3. Zu emem Abbruch einer Segment- oder Lappenarterie kommt es 
be’ grésseren isolierten Lungenherden (Tuberkulom, Kavernen, grosse 
fib okaseése Nekrosen, Bronchialkarzinom, Lungenabszess) durch Zer- 
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Abb. 18. Postoperatives Angiogramm einer resezierten linken Lunge: vollstindige 

Schrumpfung des Oberlappens, Kaverne in S'**, Emphysem des linken Unter- 

lappens, normales Gefiissystem im antero-basalen Segment 8°, Rarefizierung und 

Einengung der Gefiisse der iibrigen Segmente als Zeichen der spezifischen Streu- 
ung. 


stérung des versorgenden Gefasses. Auch hier ist die Beurteilung d 
umgebenden Lungengewebes im Hinblick auf die von dem Haupthe 
ausgehende Zerstérung ein wichtiger Faktor bei der funktionellen Beurt 
lung. 


4. Das Emphysem, entweder in Form eines physiologischen Alte 


emphysems oder als strenger lokalisiertes, perifokales Emphysem in « « 


Umgebung schrumpfender Prozesse, bedeutet ebenfalls eine funktion 
Schadigung des Lungengewebes. Durch den Schwund der Septen kom 
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s zum Zusammenfliessen grésserer Acini, wodurch auch das Kapillar- 
ebiet der Alveolen teilweise zu Grunde geht. Angiographisch kann man 
iese Vorginge deutlich verfolgen. Es kommt zum teilweisen Ausfall 
leinster Gefissverzweigungen, zur Auseinanderspreizung der noch 
estehenden Endverzweigungen und zur Kaliberabnahme  grdésserer 
rterien infolge der Streckung durch das vermehrte Lungenvolumen 
\bb. 17). 

Das in einzelnen Segmenten durch schrumpfende Prozesse hervorge- 
ifene. ganz verschieden starke und manchmal streng lokalisierte Km- 
hysem lasst sich mit keiner Methode so differenziert nachweisen wie 
it der Angiographie. Bei der Gesamtbeurteilung des kardiorespiratori- 
‘hen Systems im Hinblick auf eine geplante Lungenresektion spielen 
usmass und Stirke eines angiographisch sichtbaren Emphysems 


‘ine grosse Rolle, da es sich um funktionell minderwertiges Parenchym 


indelt. 


5. Die Gefassinjektion unserer Operationspraparate mit Kontrastmit- 
tel und der Vergleich mit den vor der Resektion ausgefiihrten Angio- 
crammen und den histologischen Befunden zeigt, dass sich alle im pra- 
operativen Angiogramm erkennbaren, fiir die verschiedenen Arten der 
Parenchymschadigung bezeichnenden Verinderungen auch im postopera- 
tiven Angiogramm reproduzieren lassen (Abb. 18). Wir schliessen daraus, 
dass weder funktionelle Vorginge noch Einfliisse des hypertonischen 
Kontrastmittels bei der Erklarung der angiographischen Symptomatologie 
eine wesentliche Rolle spielen kénnen. Die Veranderungen sind rein ana- 
tomisch bedingt, kénnen jedoch fiir die funktionelle Beurteilung aus- 
gewertet werden. 


ZLUSAMMENFASSUNG 


Erfahrungen mit der selektiven Lungenangiographie mit Hilfe des Herzkatheters an 
250 Kranken werden mitgeteilt. Anatomie und réntgenologische Kennzeichen der normalen 
Segmentarterien werden beschrieben. Die selektive Lungenangiographie bewihrte sich 
hesonders bei der funktionellen Beurteilung des einzelnen Lungensegmentes im Hinblick 
au! geplante Lungenteilresektionen. Deshalb werden die wichtigsten Kennzeichen pa- 
thologisch veriinderter Segmentarterien im Réntgenbild, die durch Vergleich der hi- 
stologischen Untersuchung der Operationspraparate mit den Angiogrammen gewonnen 
wurden, beschrieben. 


SUMMARY 


The authors report their experiences in a material of 250 cases of selective angio- 
gre hy of the lungs by means of heart catheters. The anatomy and roentgenologic ap- 
pe vances of the normal arteries of the segments are described. Selective angiography of the 

$—593088. Acta Radiologica. Vol. 51. 
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lung is considered of particular value in the functional assessment of an individual segment 
in cases of proposed resection of a part of a lung. The more important roentgenologic sign: 
of pathologically altered segmental arteries, which have been arrived at by a compariso1 
of the information obtained from the histologic examination of the operation specime: 
and the angiogram, are presented. 


RESUME 


Les auteurs présentent les constatations qu’ils ont faites sur une série de 250 ca 
d’angiographie sélective du poumon par cathétérisme du cceur. Ils décrivent l’anatomi 
et les aspects radiologiques des artéres normales des segments. Ils considérent qu 
langiographie sélective du poumon est particulitrement utile pour juger la fonctio 
d’un segment pulmonaire donné quand on se propose de faire une résection pulmonair 
partielle. Les auteurs présentent les signes radiologiques les plus importants d’altératio 
pathologique des artéres segmentaires, qu’ils ont définis en comparant les données d 
l’examen histologique de la piéce opératoire avec l’angiographie. 
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EFFECT OF HIGH ENERGY PROTONS ON 
THE SPINAL CORD 


by 


Boérje Larsson, Lars Leksell, Bror Rezed, 
and Patrick Sourander 


During the last decade experiments have been performed to produce 
localized lesions in the central nervous system with various kinds of 
ionizing radiations. CAMPBELLand Novick (1949) implanted ‘radon seeds’ 
in the cerebral cortex of the cat, and GLosus et coll. (1952) in the medulla 
oblongata of the dog. Radioactive isotopes were placed intracranially by 
e. g. AJURIAGUERRA et coll. (1954) with Au'**, and BoguMILL (1957) with 
Co**. ARNOLD et coll. (1954) investigated the effect of a 1 cm broad 23 
MeV roentgen beam from a betatron on the brain of the monkey. ANDEk- 
SON et coll. (1957) irradiated the hypothalamus in the rat with 190 MeV 
deuterons, using the technique devised to irradiate the hypophysis by 
TostAs et coll. (1954). An interesting use of relatively low energy protons. 
10 MeV, was reported recently by MALis et coll. (1957) who employed 
the thin ionization peak at the end of the proton beam to produce narrow 
lesions at a depth of 0.8 mm in the cerebral cortex of the cat. 

If the aim is to irradiate selectively small restricted regions situated 
deeply in the brain, narrow beams of high energy heavy particles show 
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. 1. Plan for irradiation of rabbit’s spinal cord with high energy protons from the synchrocyclotron. 
» ‘optical bench’ permits accurate alignment of the instruments used for measuring the dose and for 
imating the beam. The animals were positioned by means of a roentgen apparatus. The doses were 


checked and the beam controlled from a shielded control area. 


ereat advantage because of their very low scattering. By a stereotaxic 
nethod and rotation of the object or cross fire technique the radiation 
dose can be concentrated on any desired site. Such a technique has been 
described by LEKSELL (1951), who used roentgen beams for focal irradia- 


tion of deep cerebral structures. 


The development of modern particle accelerators means that more 
effective appliances for producing high energy particle beams will be 
available for radiosurgical use. In this case as in other radiobiological 
experiments one would have to consider the prolonged effects, the nature 
of which will take a long time to appear. It is therefore of great importance 
that investigations should be started as soon as possible to determine the 
effect of such ionizing beams on different parts of the central nervous 
system. The present investigation is the first part of such a study con- 
ducted with the 185 MeV proton beam from the 230 cm synchrocyclotron 
in Uppsala. This beam has a range of 21 cm in tissue and shows very low 


scattering in the first half of its course. 


Material and methods 


Radiation technique. The irradiations were performed with a 185 MeV proton beam 
from the 230 cm synchrocyclotron at the Gustaf Werner Institute. The beam has been ap- 
plied for local irradiation under reproducible conditions. It is extracted by a regenerative 
def'ector as suggested by Le Coureur and focused by two pairs of quadrupole magnets. 
The first pair, close to the cyclotron, collimates the diverging proton bundle to an almost 
parllel beam which is brought to a shielded exposure room (Fig. 1). The second pair of 
masnets, 10 m in front of the object, improves parallelism and determines the cross 
sect'onal structure of the beam. Two sweeping coils sweep the beam vertically and hori- 
zon ally at a point immediately beyond the second magnet pair. In this way the strong- 
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lcm 


Fig. 2. Sketch showing how the beam cross section was homo- 

genized. Shaded area: Auto-radiogram of the beam immediately 

before entering the ionization chamber. The sweeping coils fed 

with sawtooth current moved the beam along the indicated lines 

forming a Lissajou pattern. This procedure repeated with a fre- 

quency of 6 c/min made it possible to apply a uniform radiation 
field with minimal loss of protons. 


ly nonhomogeneous beam cross section is smoothed out, and objects of different sizes 
can be irradiated with a minimal loss of protons. From the point of view of the object 
the protons seem to emerge from a 1 » 2 cm ‘focus’ at a distance of 8 m. The beam 
proceeds through an evacuated tube so that no scattering is introduced before the protons 
leave it through a thin mylar window (10 mg cm~) immediately in front of the ioniza- 
tion chamber, which measures the density of the proton flux. The desired beam pro- 
file is brought about by a final aperture. 

In this experiment two ionization chambers of different types were used. The first 
one was a plane parallel ‘transverse’ chamber with the collection field parallel to the 
direction of the beam and introducing 600 mg cm~? of scattering material. After a time a 
‘longitudinal’ chamber with the collecting field perpendicular to the direction of the beam 
was substituted for this chamber. In this way the amount of scattering material was 
decreased to 25 mg cm including the gas, nitrogen, at atmospheric pressure. The final 
beam aperture was 40 em beyond the transverse chamber and immediately beyond the 
longitudinal chamber. The distance between the final aperture and the spinal cord was 
in both cases 10 cm. A detailed description of the apparatus and the measuring technic ue 
will be given in a technical report. 

The mean dose rate (7. e. during ca 10 sec) was 1,000 to 2,000 rad/min. Dur ng 
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y 5 6 7 8 9 10 11 12 
DEPTH IN CM WATER 


RELATIVE DOSE 


F ». 3. Isodose curves from the 1.5 mm beam plotted from photographic measurements in a water 

pi antom. The lower part of the figure shows relative doses at different depths. The beam does not 

wi len appreciably in its early course in the region corresponding to the position of the spinal cord at a 
depth of 3.5 em. The doses refer to the entrance dose. 


each irradiation the normal variations were within -+- 10° of the mean value. The dose 
appears in pulses of ca 10 microseconds duration 240 times per second. This dose-time 
funetion is further modulated by the homogenizing sweeping of the beam. It is defined 
by the sweep frequencies and amplitudes, and by the structure and size of the beam cross 
section. Symmetrical sawtooth sweeping was used both horizontally and vertically. The fre- 
quencies, 0.6 and 0.7 ¢/sec respectively, gave a Lissajou figure of the order 6:7 (Fig. 2). 
The double sweep amplitude was 3.5 cm in both directions. The uniformity of the flux 
density in the beam cross section was checked by analysing the induced C"-activity in 
a mosaic of small pieces of polythene, irradiated in a plane perpendicular to the beam and 
immediately in front of the final aperture. 

Two different slit-shaped apertures were used, 1.5 and 10 mm wide. The dose 
distributions were calculated from density measurements on photographic films exposed 
in a water phantom at the position of the spinal cord and calibrated in terms of relative 


dose (Fig. 3). 


Biological methods. 26 rabbits weighing 2 to 3 kg were used. The proton beam was 
directed to the lower thoracic region of the spinal cord. The spinal cord provides a suitable 
region to evaluate the effect of radiation on nervous tissue because of its regular arrange- 
ment of grey and white matter; in addition the disturbance of function is easy to observe. 
The animals were irradiated with 185 MeV protons under deep intravenous nembutal 
anaesthesia. During the experiment the animal was suspended from the experimental 
stand by steel supports inserted into the musculature of the back. A roentgenogram 
superposed on the autoradiogram of the thin proton beam showed the position of the beam 
in relation to the spinal column (Fig. 4). In most instances a roentgen examination was 
made after the irradiation and showed that movements of the spinal column at right 
angie to the beam seldom occurred. The possibility of small movements having occurred 
cannot, however, be excluded. During the irradiation the animals were watched by means 
of mirrors, and if any obvious movement was seen the experiment was discontinued. 

\fter irradiation the animals were observed regularly, motor function and sensation 
being tested, and neurological symptoms noted. In most cases paresis of varying degree 
dev: loped. The animals were killed by exsanguination under chloroform anaesthesia at 
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Fig. 4. Autoradiogram of the proton beam — the black vertical band — superposed on a 
roentgenogram of the rabbit’s spinal column. < 1.5, 


different periods following the appearance of the paresis. In this report the longest surviv- 
al period after irradiation was 9 months. Animals, which had received a low dose of 
radiation, survived longest. Of these animals 3 are still living without obvious changes 


Histological tec chnique. The spinal cords were removed within their dural sac and most 
of them were fixed in 5 % neutral formol-saline for 2 to 4 weeks. A few spinal cords were 
fixed in formol-ammonium bromide so that the glial cells could be studied. The irradiated 
part of the spinal cord was in most cases visible to the naked eye. This part of the cor! 
and a considerable portion of the tissue on either side of it, was taken for histological 
examination. Frozen sections, 15 « thick, were made, or the cord was embedded in paraffin 
and cut at 10 w. The cord was cut longitudinally and in serial sections in a frontal plane. 
This made it possible to examine in the same section the irradiated zone and a consider- 
able part of the surrounding tissue. In a few cases cross sections of the cord were maile. 

Twenty-three spinal cords were studied. The following staining methods were used: 
Heidenhain’s myelin sheath stain, Palmgren’s silver impregnation of axons, toluidin biu 
stain for the Nissl substance of the nerve cells, Ranke’s, Holzer’s, Cajal’s and Rio ‘le! 
Hortega’s methods for glial cells, Azan and hematoxylin van Gieson for connective tissu 
and blood vessels, Turnbull’s blue to study the presence of iron, and Scharlach red {or 
fat. 


Experimental results 


Effect of single radiation dose of 20,000 rad using a narrow beam 
q 


Preliminary experiments showed that a single dose of 20,000 rad pro 
duced well defined damage of the spinal cord after a relatively sh wrt 
latent period. In 8 animals this dose was given with a beam 1.5 mm bro id. 
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No change was observed in any of the ani- 
mals for 1 week. The first neurological symp- 
toms appeared usually 8 days after irradia- 
tion and consisted of lively tendon reflexes 
in the hind legs and slight knee and ankle 
clonus. In 3 of the animals flaccid paresis of 
the lower trunk musculature and hind legs 
together with weak or practically abolished 
tendon reflexes occurred on the 9th day. 
and in 2 others considerably later. 7. e. 3 
and 5 weeks respectively after radiation. 
Of these animals, 1 was killed immediately 
after the appearance of paresis and the 
others 3 to 7 days later. No paresis appeared 
in 3 animals within 6 months, probably 
because the animals did not receive the 
effective dose on account of their move- 
ment during irradiation. The animals had. 
Fig. 5. Longitudinal section of however, lively tendon reflexes and slight 
ts clonus in the hind legs. 
lays after irradiation with a 1.5 mm 
Macroscopy. Epilation or other changes 
were not found in any of the animals on 
the outer aspect of the skin. The inner 
surface of the skin and the muscle presented a sharply delimited lesion 
1.5 to 2 mm broad corresponding to the path of the beam. The lesion in 
the muscle was more evident at the side of entering than at the side of exit. 
The lesion in the skin and muscles was characterized by hyperaemia and 
necrosis of varying degree. In the meninges and the cord, a band 2 mm 
wide of grayish discolouration marked the radiated portion of the cord. 
No haemorrhages or inflammatory signs were seen in the spinal canal and 
the meninges. 


Microscopy. The histologic changes in the spinal cord of 5 animals, 
killed '/, to 7 days after the appearance of the paresis, were almost iden- 
tical. A narrow and sharply delimited zone was destroyed; this corre- 
sponded to the path of the beam. The lesion was slightly broader in the 
white substance and had about the same breadth as the proton beam 
( ‘ig. 5). The damaged grey substance was only about half the breadth of 
tie beam. These measurements apply only to the fixed material since cor- 
rections for shrinkage were not made. In longitudinal sections of the cord 
tie lesion had a ‘butterfly’ contour. The lesion in both white and grey 
s bstance was that of acute necrosis affecting nerve cells, axons, myelin 
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Fae, 


Fig. 6. Longitudinal section of rabbit’s spinal cord 11 days after irradiation with a 1.5 
mm beam of high energy protons. Small perivascular haemorrhages are seen in the track 
of the beam as black rounded masses. Dose 24,000 rad. Azan stain. < 25. 


sheaths and glial cells. Evidence of a selective radiation effect on the 
various components of the neural tissue was not seen. Minimal haemor- 
rhages surrounding capillaries and small veins were found at the border- 
line of the lesion, and they were also seen in a few cases in the middle 
of the irradiated zone (Fig. 6). Sometimes a large aggregation of erythro- 
cytes and hyaline thrombus were evident in dilated small vessels within 
the disintegrating tissue. Massive haemorrhages were not seen in any of 
the cords. Chromatolysis of nerve cells and occasional nerve cells under- 
goig neuronophagia and slight gliomesenchymal cell proliferation oc- 
curred in a small marginal zone between the irradiated and nonirradiated 
tissue (Fig. 7). In the white substance this zone was characterized by 
degeneration of myelin sheaths and axons. In all the animals a small 
number of intact nerve fibres were present in the subpial parts of the 
spinal cord. In animals killed 7 days after the paresis appeared, a numbe 
of gitter cells were evident at the edge of the necrosis as well as occasiona| 
glial cells containing iron pigment. Fat staining was always negative. 

Secondary Wallerian degeneration of the transected spinal cord tract» 
had developed in a few cases. 

In animals which did not present any paresis, the histologic change: 
of the spinal cord were very slight or wholly lacking. 
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Fig. 7. Longitudinal section of rabbit’s spinal cord showing the sharp 

demarcation of the irradiated zone to the left. Bordering the irradiated 

zone is a band of nuclear fragments, and adjacent to them numerous glial 

cells; further away nerve cells are present. Proton beam 1.5 mm broad. 
Dose 20,000 rad. Thionin stain. * 150. 


Effect of a single radiation dose greater or smaller than 20,000 rad 
using a narrow beam 


The approximate relationship between dose and time of appearance 
of signs was studied in 11 animals irradiated with the following doses: 
40,000, 24,000, 16,000, 12,000, 10,000, 8,000 and 5,000 rad. 

After a dose of 40,000 rad progressive paralysis of the hind legs and 
axial musculature along with paresis of the bladder appeared within 2 
days. The animal was killed 5 days after irradiation and then showed 
necrosis of the spinal cord considerably more extensive than that seen 
after a dose of 20,000 rad. Small but rather numerous haemorrhages 
appeared at the edge of the necrosis and also in the irradiated nerve 
roots and spinal ganglia. In addition a small necrotic zone, probably the 
result of vascular damage, was present on either side of the track of the 
beam. 

A dose of 24,000 rad produced the same effects as 20,000 rad (Fig. 6). 

With doses less than 20,000 rad the period between irradiation and 
the appearance of signs was longer. In 3 animals irradiated with 16,000 
ral the appearance of the lesion was studied at a relatively late stage, 
2 and 3 weeks respectively after the onset of paresis. In all the cases 
typical radiation necrosis was seen. There was active resorption of the 
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Fig. 8. Longitudinal section of rabbit’s spinal cord; myelin preparation 

showing extensive necrosis and multiple perivascular haemorrhages 4 days 

after irradiation with a 10 mm high-energy proton beam. Dose 20,000 rad. 
Heidenhain stain. x 8. 


necrotic material and a large number of gitter cells in the sharply de- 
marcated cystic cavities in the white substance. The structure of the 
tissue could partly be recognized in the grey matter which was less 
damaged than the white. Slight proliferation of protoplasmic and fi- 
brillary astrocytes and also a few very small haemorrhages occurred 
around the necrosis. The demarcation zone was even in these cases 
sharply defined. Secondary Wallerian degeneration had taken place in 
the adjacent parts of the spinal cord. Animals irradiated with 12.000 rad 
or less did not, over a year or more, show any Clinical signs or histologi 
changes in the spinal cord. 


Effect of a single radiation dose of 20,000 rad using a broad beam 


To study the relationship between the breadth of the beam and the 
type of radiation damage, a group of 7 animals were irradiated in the 
same manner as the first series but with a beam 10 mm broad instead 
of 1.5 mm. 

The animals showed brisk reflexes in the hind legs 2 days after radia- 
tion. After 3 to 4 days paresis of the musculature appeared and quickly 
progressed to paralysis of the whole hind part of the body with bladder 
paresis and loss of pain sensation. These animals were killed 1, 2, 3, 4. 5. 
and 6 days after irradiation to study the development of the radiation 
necrosis. 


Macroscopy. The inner side of the skin did not show any changes 
during the first few days, but later a hyperemic region a little broad«r 
than 10 mm appeared. As early as 1 day a fairly sharply delimited hype: 
aemic haemorrhagic zone was seen in the muscles and was of the san 
breadth or a little broader than the beam. After 1 to 3 days the mening; 
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ind spinal cord presented hyperemia of the irradiated region, and after 
} to 6 days numerous petechial bleedings. 


Microscopy. After 1 and 2 days the grey substance of the cord showed 
nany dilated capillaries and veins containing large aggregations of 
rythrocytes. The nerve cells, axons, myelin sheaths and glial cells 
ppeared to be intact. 

After 3 days the grey matter within a zone about 10 mm wide showed 
arked exudation of plasma as well as multiple and somtimes rather 
ge haemorrhages (Fig. 8). The nerve cells were undergoing chromato- 
ysis and cytolysis. The white matter was relatively spared and showed 
nly perivascular oedema and less marked staining of the myelin in the 
erivascular zone. Throughout the track of the beam in the meninges 
nd cord a slight inflammatory cellular proliferation was seen around 

the vessels. After 4 to 6 days the changes in the grey substance were 
jore accentuated and the white substance showed w videspread degenera- 
tion and necrosis; adjacent to the track of the beam some degenerate 
areas. probably of vascular origin, were evident. 


Discussion 


The experiments described show that it is possible to cause sharply 
delimited acute lesions of the central nervous system with a narrow beam 
of high energy protons. The lesion in the white matter of the spinal cord 
has approximately the same dimension as the breadth of the proton beam 
used. In the grey substance changes arise in a zone somewhat thinner 
than the beam. The lesion is that of an acute necrosis and similar to that 
described by ARNOLD and co-workers after irradiation of the brain in the 
monkey with high energy roentgen radiation. 

It is a common characteristic of damage caused by different kinds 
of ionizing radiation that a certain latent period occurs between the 
irradiation of the tissue and the appearance of functional and mor- 
phological effects. In our experiments as well as those of ARNOLD and 
co-workers it appeared that the latent period for radiation necrosis of 
the central nervous system depends on the dose of radiation. A dose of 
20.000 to 24.000 rad with a 1.5 mm broad proton beam gave a well de- 
fined lesion after 9 days. With larger and smaller doses the latent period 
was shortened or prolonged respectively. 

The breadth of the beam proved to be a factor of great importance. 
In our experiments a 10 mm beam not only produced necrosis of about 
th: same breadth as the beam but also produced a lesion considerably 
quicker than a thinner 1.5 mm beam. The broad lesion differed also 
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histologically in certain respects from that produced by the thinner beam. 
With the thin beam only slight vascular damage and minimal haemor- 
rhages were seen; with the same dose and a broad beam even after on¢ 
day signs of vascular damage and after 3 days marked plasma exudation 
and numerous haemorrhages appeared. The haemorrhages were localizec 
especially to the grey substance; at this time only small focal destructioi 
was evident in the white substance. The radiation necrosis proper wa: 
observed only after one day more. The severe vascular changes presen 
after irradiation with the broad beam probably depended on the fact tha 
a greater portion of the vascular bed of the spinal cord had been irra 
diated. The peculiar type of vascular arrangement in the spinal cord an 
the poor development of collaterals in its thoracic part probably favoure: 
the appearance of large haemorrhages. 

The fact that the vascular changes appeared at the time when onl 
slight destruction of the myelin sheaths could be seen is of great interest. 
This circumstance stresses the fact that vascular changes may be amon: 
the causal factors of delayed radiation necrosis in the nervous system. 
According to ARNOLD and co-workers the necrosis appears quite indc- 
pendently of the effects on the circulatory system and as a direct effect of 
the radiation. In all the irradiated spinal cords in our material, whatever 


the radiation dose or the breadth of the beam, a thin peripheral zone of 


the spinal cord with intact axons and myelin sheaths persisted in the 
irradiated region. This observation also stresses the importance of vascular 
factors, since it is well known that the peripheral region of the spinal cord 


is more resistant to a damaged circulation than the more central parts of 


the cord. 

The present investigations concern only the acute lesions. The type 
and extent of similarly produced lesions in a late stage are being studied 
in the brain and will be the subject of a future publication. The present 
experiments show that with the help of a high energy proton beam it is 
possible to cause a small and sharply restricted zone of acute necrosis in 
the central nervous system. This is of considerable interest in experimental 
investigations for studying the effects of lesions in various parts of the 
nervous system. 
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SUMMARY 


The spinal cord in the rabbit has been irradiated with a 185 MeV proton beam from 
230 cm synchrocyclotron. Using a 1.5 mm broad beam it has been possible to effect 
harply delimited lesions of the spinal cord with only minimal haemorrhages and without 
ny general reactions. With a 10 mm beam the tissue reactions are much more severe. 
‘he histopathology of the acute radiation necrosis is described and the factors responsible 
r its appearance are discussed, especially the width of the proton beam and the size of 
he single radiation dose. 


ZLUSAMMENFASSUNG 


Das Riickenmark des Kaninchens ist mit einem 185 MeV-Protonenstrahl eines 230 
m Synchrocyclotronen bestrahlt worden. Bei Anwendung eines 1.5 mm breiten Strahlen- 
biindels ist es méglich gewesen, scharf begrenzte Veranderungen des Riickenmarkes mit 
ur minimalen Blutungen und ohne Allgemeinreaktionen zu erzeugen. Mit einem 10mm 
reiten Strahl waren die Gewebsreaktionen viel ernster. Die Histopathologie der akuten 
adionekrose wird beschrieben und die Faktoren, welche fiir das Auftreten dieser Nekrose 
verantwortlich sind, werden besprochen, besonders die Breite des Protonstrahlenbiindels 
und die Grésse der Réntgendosis bei einmaliger Bestrahlung. 


RESUME 


La moelle épiniére de lapins a été irradiée par le faisceau de protons de 185 MeV 
émis par un synchrocyclotron de 230 em. Avec un faisceau large de 1.5 mm il a été possible 
de créer des lésions nettement délimitées de la moelle, avec seulement des hémorragies 
minimes et sans aucune réaction générale. Les réactions tissulaires ont été beaucoup 
plus graves avec un faisceau de 10 mm. Les auteurs décrivent l’histopathologie de la 
radionécrose aigué. Ils examinent les facteurs responsables de son apparition, en par- 
ticulier la largeur du faisceau de protons et la dose de radiation administrée en une fois. 
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DEPTH DOSE DISTRIBUTION USING POINT 
SOURCES OF Cs!8* FOR PLESIOTHERAPY 


by 
Johan Baarli 


Therapy units, usually containing several grams of radium, have been 
widely employed for the radiotherapy of metastases, particularly in the 
vlands in the supraclavicular region. Due to the relatively low radiation 
output from the radium units, it has been necessary to employ a short 
SSD (source skin distance) which means that a steep drop occurs in the 
dose with depth. The advantage of using this kind of treatment is that 
tumours located down to a few centimeters below the skin can be treated 
by radiation in such a way that heavy doses to the underlying healthy 
tissue can be avoided. The greater energy of the radiation from radium 
also induces a less severe erythema reaction compared to the use of highly 
filtered roentgen rays for the same purpose. Radiation treatment of this 
kind is referred to as plesiotherapy where a short SSD is used. 

The low radiation output, and consequently the inconveniently pro- 
tracted treatment times, with these radium units, have resulted in the 
mversion of many of the teleradium units to similar cobalt units where 
ie radium packs have been replaced by artificially produced Co*. 
specially constructed units of the same kind using Co* and Ir? have 
so been reported (LINDELL & WALsTAM 1956, MITCHELL 1951). 


Submitted for publication 21 March 1958. 
5 --593088. Acta Radiologica. Vol. 51. 


i 


66 JOHAN BAARLI 


The radioactive isotope Cs? 
has recently been made available 
in larger quantities (AEBERSOLD 
1955, Cockrorr 1957) and this 


137 


isotope has been suggested as a 0.662 
very important radiation source 

for futureradiotherapy (BRUCcER). 

Considerations of its physical 137 

and radiation properties seem to 


indicate that this isotope may Diagram 1. The decay properties of Cs!’ 
be well suited for plesiothera- 
peutic application (BAARLI 1958). 

The radiation properties from Cs"? are shown in Diagram 1. It decays 
with a half-life of 28 years emitting two f-particles with energies of 1.2 
and 0.51 MeV. The emission of the 0.51 MeV £-particles result in an 
excited state of Ba'*’ which decays to the stable nuclei by emission of one 
single y-ray line with an energy of 662 keV. The decay of Cs'** occurs 
with 92 °%, via the excited state and 8 % decays directly to the stable 
state of the Ba**’ nuclei. 

It is because of the mono-energetic y-ray of 662 keV and its long 
half-life, 28 years, that Cs’ has attracted great interest for therapeutic 
application. 

Cs'*7 is produced by fission of U** with a high degree of probability 
and is accumulated as a waste-product in the uranium fuel rods used for 
production of atomic energy in the reactors. Due to the rapid development 
of such nuclear reactors it is to be expected that large quantities of this 
material will become available at a relatively low price in the future. 

The radioactive material Cs'** is to-day commercially available in two 
chemical forms, CsCl and Cs,SO,, the specific activity being approximately 
100 curies/ce. 

The dose rate at one meter per curie of this material is calculated to 
0.314 r per hour neglecting self-absorption (BAARLI & Brustap). It is 
evident from this relatively low specific activity that greater quantities 
of this radioactive material are needed for therapeutic units. Some ex 
perimental and theoretical studies are now reported. These were carried 
out in order to determine the requirements for using a point source of 
this material in a plesiotherapy unit to operate at a focus-skin-distanc: 
between 5 and 10 cm. 


Theoretical calculations 


The depth-dose distributions or dose distribution along the central axis of the radi: 
tion field penetrating soft tissue is of the greatest interest to therapists. Due to the rel: 
tively complicated manner in which the radiation is absorbed when penetrating matte 
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the most common way to establish depth-dose 
curves is by direct dose measurements. In spite of 
the complexity of the absorption processes, at- 
tempts have been made to calculate the distribu- 
tion (LAMERTON and Payne-Scotr) and good 
agreement with experiments has also been obtained 
under certain simplified conditions. 

The present calculations have been carried out 
for a highly divergent circular beam of mono- 
energetic photons of 0.662 MeV from a point source 
of Cs? entering an absorber of water. Except for 
the geometrical approximations the LAMERTON- 
procedure has been followed quite closely. This is 
based upon calculating the primary radiation 


Diagram 2. The cross-section of the intensity decrease with depth and adding to this 
radiation field furnished with the para- the intensity contribution from the singly and 


meters used for calculation of the dose multiply scattered radiation. 
distribution along the central axis when —. eee ; 
irradiated with 662 keV photons from The intensity distribution has then been 
converted to dose. 
Diagram 2 shows a cross-section of the radiation 

field furnished with the parameters used for the 
calculations, a, being the maximum angle of the field, F the SSD. Q is the 
point on the central axis where the intensity is calculated, and h the distance from the 
surface to point Q. Due to ease in the integration procedure the irradiated surface was given 
a spherical shape with radius F. 

If P, is the intensity of the primary radiation at the surface, then the intensity of 
the primary radiation at Q is given by the following expression in which sp is the linear 
ibsorption coefficient for the primary radiation 

2 


‘he singly scattered radiation reaching Q has to be integrated over the whole irradiated 
volume. This radiation is proportional to the intensity of the primary beam at D which 
may be expressed by: 


F? 


\ssuming now that the volume element dv has the form of a ring at the depth (h—7), each 
electron in this will scatter the primary photons according to the KLErn-NisHina formula. 
This function is given by f(cos @) and expresses the intensity of the scattered photons 
in the direction © per electron per unit solid angle. Now, if 7 is the number of electrons 

er cm’ and R the distance from D to Q, then the intensity of the once scattered radiation, 
(rom the volume dv reaching Q per unit solid angle is given by: 


= OR P,_, (cos O) nH dv (3) 


ere to ()is the total linear absorption coefficient of the singly scattered radiation from 
«, scattered at an angle 0. This coefficient depends upon the angle of scattering. The 
tal contribution of the radiation intensity caused by singly scattered radiation at Q 


h 
R 
D 
‘dv —— 

n 
1e 
rs 
le 
ng 
ty 
ol 
nt 
his 
wo 
ely 
to 
is 
ties 
ex 
2 of 
ne 


68 JOHAN BAARLI 


F=iocm 
100 30° 100 18° 
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\ 
5 75 75 
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— — total \ —.-— total 
primary (P) \ ---.-- primary(P) 
scattered (1) Scattered (1) 
50 
25 25 
L 
5 10 15 5 10 15 
Depth (cm) Depth (cm) 
Diagram 3. Calculated depth-dose distribution for Diagram 4. Calculated depth-dose distribution 
Cs"? (662 keV) and SSD 5 em. for Cs"? (662 keV) and SSD 10 cm. 


can now be calculated by integrating eq. (3) over the whole irradiated volume. This 
procedure has to be carried out numerically by choosing suitable free variables. For 
this purpose eq. (3) may be written: 


I, = Kffw(r, t) drdt (4) 
where: 
K eo", COS a 


and a is the angle indicated in Diagram 2, and 
y(r, t) — WR }(cosO) 


where /(cos @) is the Klein-Nishina function. 

The integration has to be carried out between the limits [0,l-cos a] for t, and [-7o, h 
for r. 

The contribution of the intensity from the multiply scattered radiation has to b 
evaluated in an approximate way. It has to be noted that not only the volume determined 
by the primary radiation contributed to the multiply scattered radiation at point Q, bu‘ 
radiation scattered from the volume outside this can also contribute. 

The singly scattered radiation is partially absorbed and partially scattered on it 
way from dv to Q. The scattering introduces the factor e~“s‘" and the contribution to 
the intensity at Q is reduced in this way. On the other hand, Q will receive some co 
tribution of radiation scattered more than once. Considering the total energy of th 
multiply scattered radiation, it can be assumed that this is somewhat less than the energ 
lost by scattering. It is therefore reasonable to assume that the contribution from th: 
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104 GG2 kev 
103 
10 794 keV 
v 
i a 
2 
, 50 
10 
200 400 600 800 1000 fc) 50 100 150 200 250 
E keV kev 
Diagram 5. Measured pulse-height distribu- Diagram 6. The energy response of the scintillation 
tion from the 5 curie Cs’ source. dosemeter (unfilled circles) and ionization chamber 


(filled circles) relative to a 100 r Victoreen type thimble 
chamber. 


multiply scattered radiation at Q can be compensated for by adding the singly scattered 
radiation lost by scattering. This can be done mathematically by substituting the total 
absorption coefficient for the singly scattered radiation . (Q) with the real absorption 
coefficient 

The contribution of the radiation intensity at Q caused by the total scattered radia- 
tion is then obtained by replacing fo (9) by fa (@) in eq. (4): 


Im Kf (r,t) dr dt (5) 
where: 


In the present calculations the following values have been used for the absorption 
coefficient of the primary radiation from Cs? (662 keV) in water ws = 5.32 107% em}, 
fla = 3.29 10° cm™ and flo = 8.61 10 cm™. For the electronic cross-section the values 

1.59 10°% em?/elec, 6, = 0.98 cm?/elec, 6 = 2.57 cm2/elec have been 
chosen. The mean free path of the photons in water using 7 = 3.35 10” elec/em* is 11.6 em. 
The Klein-Nishina function has been replaced by: 


f(cos = (A + (' ¢os4 10-27 


1ere: 
A = 5em*/elec/sterad forO < O < 180° or r = O 
C = 74 > »0<O< orr>O0 
C » » 180° orr>O 


The absorption coefficient “a(@) for the scattered radiation depends upon the angle 
© scattering and the number of scattering processes. At a scattering angle of 90° the 
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Cu lining 


\ 


2mm Wall Thickness 
7 
Curie 


Water Phantom 


Fig. 1. Experimental arrangement used for measuring depth-dose 
distributions in water for Cs"? (662 keV). 


increase in wavelength reduces the energy of the primary radiation to 287 keV and by 
scattering 180° to 184 keV. Due both to the predominant scattering in the forward direc- 
tion and the small variation of wa within the energy range from 100 keV to 1 MeV, a 
constant value of #a(@) has been assumed. The value used for this coefficient is 3.29 
cm. 

The calculations were carried out for F = 5 em and F = 10 cm with qm = 
30° and 18° respectively. The intensity was further calculated for h = 0, 1, 2, 
4,5, 6,7 and 11.6 em. Eq. (5) was for each value of h integrated over r from 
co toh. 

The numerical integration of eq. (5) was carried out by calculating ¢ (r, t) as a func- 
tion of ¢ for a certain set of r values. Each of these curves was then numerically integrated, 
and the variation of @ (r, t) with r was obtained. This procedure was repeated for each 
value of h. 

The radiation intensity along the central axis of the radiation field is composed of 
radiation from the primary beam and the scattered radiation, which means that even if 
the primary radiation is mono-energetic, the total intensity at a certain depth will form 
a spectral distribution which also will change with the depth. At depths less than one mean 
free path, the main part of the energy absorption in each volume-unit might as a first 
approximation, be caused by the radiation, which has suffered few collisions. On this 
assumption the #a(@) has been assumed constant and the conversion of intensity to dos 


has been done by multiplying the eq. (5) by i where @ is the density. 


The results are shown in Diagrams 3 and 4. 
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measured 
calculated 


—- measured 
calculated 


Percent depthdose 


Percent depthdose 


Depth of water (cm) Depth of water (cm) 


Diagram 7. Experimental and theoretical depth- Diagram 8. Experimental and theoretical depth- 
dose distributions for Cs'? for SSD 5 em. dose distributions for Cs'? for SSD 10 cm. 


Measurements of depth-dose distributions 


In connection with the theoretical calculations of the depth-dose 
distribution just described, it was of interest to compare the results with 
measurements. A 5 curie Cs'*? source, cylindrically shaped, with a diameter 
of 3 mm, and 3 mm long, was used for the purpose and its radiation prop- 
erties were studied using a 1 '/,”” (38 mm) NaJ(TI) crystal mounted to 
a 6292 Du Mont photomultiplier. The pulse height distribution was then 
tact by a RCL 256 channel pulse-analyzer. The detector was exposed 
using good collimation at a distance of 7 m. The results are shown in 
Diagram 5, and it is concluded from these measurements that less than 
| % of the activity in the source is due to Cs emitting higher energies 
than the 662 keV from Cs¥”. 

The detector used for the dose measurements was made of an 
plastic scintillator (BELCHER & GEILINGER), with a 

perspex light guide and a 931A RCA photomultiplier. Studies were 
ried out on fatigue effect, dose-rate dependence and energy response 
mpared to a Victoreen type ionization chamber. The Cerenkov radiation 
‘oduced in 2/3 of the light guide by y-radiation from Cs"*” (662 keV) was 
easured to less than 1 °% of the crystal response for the same radiation 
tensity. The dose-rate dependence showed a linear relationship up to 
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more than 100 r/min. The energy response was studied with a 250 keV 
roentgen unit using 0.5 mm Cu filter lowering the energy successively. 
The results are shown in Diagram 6. It is clearly seen from these experi- 
ments that the dosemeter should be well suited for dose measurements. 

Due to the relatively large size (1 cm) of the scintillation dosemeter 
the depth-dose measurements in the first 2 cm of the water phantom 
were carried out using a 0.1 cc ionization chamber. This instrument 
showed a similar energy response as the scintillation dosemeter (Diagram 
6). The first measurements were taken at a depth of 5 mm. 

+r arrangement used for the depth-dose measurement is shown in 
Fig. 1. The source was placed in a lead collimator lined with 1.5 mm 
copper. The entrance surface was given a spherical shape with radius 5 
em at SSD 5 cm, and 10 cm at SSD 10 cm. 

The experimental results obtained are shown in Diagrams 7 and 8 
for SSD 5 and 10 cm respectively, together with the calculated curves. 
Comparing the theoretical results with the measured values, the conclu- 
sion may be drawn that there is a fair agreement between these curves 
for SSD 10 cm. At 5 cm there seems to be a rather great deviation. An 
explanation of this is not easily given since several factors might cause 
this deviation. In the first place the calculations are approximate. and 
the experimental arrangement did not completely satisfy the theoretically 
presumed condition. In this connection the diffusion of radiation through 
the collimator might have been too large. 5 cm lead will reduce the 
primary beam to 0.4 °/0. Comparing the agreement between theory and 
experiment for SSD 10 and 5 cm, the calculation procedure seems to be 
in better agreement with experiment at a longer SSD. 
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SUMMARY 


Calculations of depth-dose distributions from point sources of Cs"? (662 keV) have 
been carried out for SSD of 5 and 10 cm and opening angles of 60° and 36°, respectively. 
The dose distribution has been obtained by calculating the dose decrease with depths 
caused by the primary radiation, and adding to this the contribution from the scattered 
radiation. The latter has been evaluated from the integral calculated for the once scattered 
radiation where an approximation has been introduced in order to include the multiply 
scattered radiation. The estimated depth-dose distribution has then been compared wit! 
experiments using a 5 curie Cs"? source. 
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ZUSAMMENFASSUNG 


Berechnungen iiber die Verteilungen der Tiefendosis von punktformigen Quellen von 
137 (662 keV) sind fiir Quellen-Hautabstiinde von 5 und 10 cm sowie fiir Offnungswinkel 
mn 60° bezw. 36° durchgefiihrt worden. Die Dosisverteilung wurde durch Berechnung der 
it zunehmender Gewebetiefe geringer werdenden Strahlendosis, die durch die Primir- 
ahlung erzeugt wird, und durch Addition des Beitrages der Streustrahlung gewonnen. 
‘tztere ist aus dem fiir einmalig gestreute Strahlung berechneten Integral festgelegt 
den; hierbei ist eine Approximation eingefiihrt worden, um die mehrfach gestreute 
rahlung einbeziehen zu kénnen. Die so geschatzte Verteilung der Tiefendosis ist dann 

1 it Hilfe einer 5 Curie Cs? Quelle experimentell verglichen worden. 


RESUME 


L’auteur a calculé les distributions de doses en profondeur fournies par des sources 
ponctuelles de Cs"? (662 keV) pour les distances source—peau de 5 et 10 cm et pour des 
angles d’ouverture de 60° et, 36°. Il a obtenu la distribution de dose en calculant la dose 
de rayonnement primaire diminuée du fait de la profondeur, et en y ajoutant la dose 
due au rayonnement diffusé. Celle-ci a été évaluée au moyen de l’intégrale caleulée pour 
le rayonnement ayant subi une diffusion, en introduisant une approximation pour tenir 
compte du rayonnement ayant subi plusieurs diffusions. La distribution de dose en pro- 
fondeur caleulée a été comparée aux résultats d’expériences faites avec une source de 
Cs"? de 5 curies. 
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EFFECT OF 31 MeV GAMMA AND 200 kV ROENTGED 
WHOLE-BODY IRRADIATION ON THE NUCLEIC 
ACID CONTENT OF MOUSE TISSUES 


by 


Sonja P. Subotie-Nikolié and Adolf Zuppinger 


The advantages of supervoltage radiotherapy, discussed in an earlier 
article (20), and its increased application, raise problems concerning the 
quantitative relations between DMV radiation and conventional roentgen 
rays. The many articles dealing with this matter have recently been 
reviewed (4). From these it was evident that no unique relation between 
the two types of radiation has been found. It is considered, however. 
(18) that the RBE of a given type of radiation is dependent upon: 1) the 
test object, 2) the particular response studied and, 3) the time lapse be- 
tween the irradiation and observation of the effect. 

We are naturally primarily interested in an extrapolation of the results 
of these studies to man; in spite of many technical advantages in carrying 
out research on simpler systems an investigation on mammals would 
appear to be the most fruitful. 

In view of the marked biological importance (2) and radiosensitivity 


(6) of nucleic acids, post-irradiation disturbances of the metabolism of 
these substances appeared to us to merit investigation. The purpose of 
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so- A) Y = 12.38 1nD - 36.50 t 
B) Y 12.43 inD - 37.05 


10F 


20 100 1000 


Diagram 1. Percentage diminution of DNA concentration in spleen against 
the logarithm of the radiation dose. The line corresponds to Picker irradiation. 
A — 200 kV, B — 31 MeV. 


the present work was therefore twofold: to define simultaneously the 
belaviour of nucleic acids and their low-molecular derivatives, as re- 
flected in their concentration in three different organs two days after 
irradiation, and to offer some further contribution to the problem of a 
comparison of the biological effectiveness of betatron and roentgen rays 
in mammals. 


Experimental 


White male mice weighing about 20 g were kept without food for 24 hours before 
sacrifice in order to counteract any eventual interference of a diminished food intake by 
the irradiated animals; water was allowed ad libitum. The mice were sacrificed by de- 
capitation under light ether anesthesia. The organs were dissected, washed twice in cold 
physiologic saline, and dried on filter paper; two livers, 4—5 spleens, and 4—5 thymus 
were, as a rule, pooled. The organs were immediately weighed and then frozen. Homo- 
genization and extraction of acid-soluble substances proceeded in a cold room at about 
0 C. Perchloric acid (14) was employed as an extraction medium. An acid-soluble frac- 
tion was obtained after a 20 min extraction of homogenized tissue in 1 °(, perchloric acid 
and centrifugation in a high speed refrigerator centrifuge; the remainder was extracted 
for an hour at boiling point in 5% perchloric acid. 

\ Beckmann apparatus (model B and DU) was used for the spectrophotometric 
analyses; optical densities of acid-soluble fractions were measured at 260 my. 

Juantitative analyses of DNA and RNA were made by the Certorti (3) and MesBauM 
(13) methods, respectively. 

"he experiment was performed in a total of about 550 mice, 175 of which were not 
irrac ated and which served as controls. 

(he animals were irradiated with ionizing radiations of two energies. The 200 kV 
radi tion of a Picker unit was fractioned at 50 impulses per sec exactly as the 31 MeV 
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A) = 16.59 - 48.46 
B) Y = 15.91 1mD - 46.80 
10F 


20 100 1 000 


Diagram 2. Percentage diminution of DNA concentration in thymus against 
the logarithm of the radiation dose. A 200 kV, B 31 MeV. 


radiation of our Brown-Boveri betatron. A group of mice was irradiated at 200 kV with 
an apparatus of the Greinacher type, which delivers non-fractioned rays; the radiation 
dose corresponding to the middle of the body of a mouse was determined by a Victoreen 
chamber. 

The depth dose curve for betatron gamma rays, measured in water or in a plexiglass 
phantom, showed an ionization maximum between 4.5 and 6.5 cm (+ 1%). As the animals 
(about 2 cm thick) were irradiated at a depth of 4 cm behind plexiglass, the dose through 
the whole body was obviously constant at 1%. 

In order to compensate for inhomogeneities in the betatron and roentgen unit fields 
all animals were irradiated on a rotating plate. The dose rate, about 15r/min, was the 
same for all three types of radiation and the animals were irradiated at three dose levels: 
300r, 60Cr and 800r. The animals were sacrificed after 48 hours. 


Results 


The results are expressed as the contents of nucleic acids per gram 
of fresh tissue in terms of a percentage of corresponding control values: 
they are also presented as a percentage diminution of nucleic acid con- 
centration. Extinctions of acid-soluble fractions at 260 mu (corresponding 
to 10 mg tiss./ml) are expressed as a percentage of the corresponding 
control values. 

Experimental points corresponding to 200 kV _ non-fractioned and 
ultra-fractioned roentgen rays and to 31 MeV gamma radiation :; re 
represented by the symbols 0, +. and x, respectively. Standard dev a- 
tions of the observations have been mostly of the order of 10 to 15 4. 
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Diagram 3. Percentage diminution of RNA concentration in spleen against 


the logarithm of the radiation dose. The line corresponds to Picker irradiation. 


A — 200 kV, B — 31 MeV. 


The most satisfactory siting of the experimental points has been 


calculated by supposing that the effect studied has been a linear function 
of the logarithm of the radiation dose (8); a threshold dose of about 20r 


has been predicted. 

{quations of regression lines corresponding to the effects of 200 kV 
ultrafractioned roentgen rays and 31 MeV gamma rays are represented 
by (A) and (B), respectively (Diagrams 1, 2, and 3). 

It was first determined whether ultra-fractioning (10) at the single 
energy level influenced the biologic effect observed. As shown by our 
results (Diagrams 1 to 3 and the Table below) practically no differences 
between data obtained by the constant and alternative potential unit 
operated at 200 kV were found. It may also be seen that no appreciable 
differences were found in comparing effects of the latter and betatron 
gamma-rays shown by equations of regression lines. In case of spleen 
DNA and RNA, regression curves almost coincide, and in case of thymus 
DNA the small difference between the two curves is also of no statistical 
significance. 

A drastic reduction of nucleic acid concentration after irradiation in 


Table 
Ejfect of 800r of 200 kV roentgen rays on nucleic acid content in liver 

‘ Picker Greinacher 

irradiation irradiation 
100 + 12.6 106.7 + 10.9 108.6 +- 11.4 
| E> inetion of acid-soluble fraction ...... | 100 + 7.4 102.4 + 9.9 99.4+ 9.6 


| 
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Diagram 4. a) Percentage extinctions of acid-soluble fractions of the spleen against 
the radiation dose. b) Similar plotting corresponding to thymus. 


two of the organs studied is to be explained by a decrease in a new form \- 
tion of DNA ( (11) (e. g. by inhibition of the doubling of the DNA content 
per nucleus which precedes the cell division) on the one hand, and by tive 
destruction of DNA by increased activity of deoxyribonuclease (15) on 
the other. In this connection the investigation of Mary, CoLe and Ex! 
(12), in which they showed that soluble deoxy polynucleotides are releas d 
in the spleen 6 hours after irradiation, should be mentioned. 

From the results presented markedly different post-irradiation resp- 
onses of the DNA in the liver to those in the spleen and thymus are 
evident. While an irradiation with 800r resulted in a diminution of the 
DNA content of about 50 % and 60 % in the spleen and thymus, respec- 
tively, only a slight change, if any, was found in the liver. Similar phenom- 
ena has also been noted in the case of RNA, where under equal condi- 
tions of irradiation certainly no depletion of RNA has been revealed in 
the liver, while the spleen showed a distinct diminution in the content of 
the substance. The responses of the three organs studied are not sur- 
prising in view of their different DNA renewal rate (5), (17), the post- 
irradiation disturbance of which is more marked in organs with higher 
cell division rates. 

Diagram 4 shows no appreciable quantitative post-irradiation altera- 
tions of acid-soluble purine and pyrimidine derivatives, which are prob- 
ably related to nucleic acid precursors. (As a result of regression, the lines 
with coefficients of a slope not significantly differing from zero were 
obtained.) This suggests that inhibition of nucleic acid synthesis does 
not take place at its initial level, but rather at a macromolecular one (19). 
Other studies (1), (16) with radioactive methods may be cited in favour 
of the conception that irradiation does not affect the metabolism of ‘he 
acid-soluble constituents in question. 

An explanation of the mechanism of the inhibition of DNA pely- 
merization would be that nucleotide phosphorylations (which, accord ng 
to LipMANN (7) are indispensable for their combination in DNA) wre 
disturbed (9). 
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SUMMARY 


A comparative study of the effects of 31 MeV gamma and 200 kV roentgen rays on 

» cleic acids and their low-molecular derivatives content in mouse spleen, thymus and 

|i er was performed. No significant differences could be proved in the radiation response 

these substances, suggesting that the ratio of intensity of the biologic effect studied 
near unity for the two energies in question. 


ZUSAMMENFASSUNG 


Kine vergleichende Studie der Wirkung von 31 MeV-Gammastrahlen und von 200 
k\-Réntgenstrahlen auf Nukleinsiuren und deren kleinmolekulire Derivate, welche in 
der Milz, der Thymus und der Leber der Maus enthalten sind, ist durchgefiihrt worden. 
Es konnten keine signifikativen Unterschiede in der Strahlenreaktion auf diese Substanzen 
nachgewiesen werden. Es ergab sich demnach, dass das Verhiltnis der Intensitiit des 
untersuchten biologischen Effektes fiir die beiden in Frage stehenden Energien nahezu 
gleich war. 


RESUME 


Les auteurs ont fait une étude comparative de l’effet des rayons gamma de 31 MeV 
et des rayons roentgen de 200 kV sur la teneur de la rate, du thymus et du foie de la 
souris en acides nucléiques et en leurs dérivés de bas poids moléculaire. Ils n’ont pas pu 
prouver de différence significative dans l’effet de ces radiations sur ces substances, ce 
qui fait penser que le rapport des intensités de l’effet biologique étudié est voisin de 
l'unité pour les deux énergies en question. 
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